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FOREWORD

With the repld growth of ground-based, long-range radar and
IR installations, low-altitude approaches and penetrations
have become increasingly important as a means of avolding
detection over enemy territory,

The probabllity of survival increeses as altitude decreases,
with an increasingly more than proportional benefit as the
flight path drops below 500 feet, Maximum security cen be
achieved by following valleys or flight paths behind con-
cealing enemy ridges, This action minimizes the effective-~
ness of enemy countermeasures,

LOW ALTITUDE RECONNATSSANCE

Low=level approaches to enemy territory from the sea can be
made with greater security from detection if & +terrain
avoldance system is utilized to glve the pilot a good land-
fall presentetion in azimuth as well as 1n elevation, With
this three-dimensional information, a flight ©path near
water~top level 1is possible right wup to the shore line,
Subsequent reconnalssance can then be carried out at low
altitude, taking advantage of protective topography where
available,

TOSS BOMBING

The sdventages of utilizing toss-bombing techniques can be
effectively supplemented by low-level approaches prior to

the toss masneuver, An effective terrain avoldance system
can provide greater probability of escepe.
SUPPORT

Migslons which require the delivery of manpower and supplles
near front line areas may be made with greater safety in the
dark of night and obscured from enemy radar by concealing
ridges.,
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With these future requirements 1in mind, Westinghouse begen
development on several systems designed for eircraft having
a mission requirement of low altitude flight in eilther
darkness or adverse weather, Flight tests then proved the
feasibility of e three-dimensilonal system of presentation
for the terrain avoidasnce radar,

An advanced version of the terrain avoidance radar, Terrain
Clearance Radar Set AN/APQ-8z (XY-1), hms been developed 1n-
corporating the parameters recommended by flight tests,
greatly increased capebllities, and significant reduction
in size and weight over the early flight test models, This
report describes the design features and promising test
results of this radar during leboratory tests at the West-
inghouse Air Arm Division, Flight tests of this radar set,
in the near future, should prove beyond & doubt that 1t is
a long-needed addition to present-day navigation system,
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SECTION |

HISTORY

Westinghouse Air Arm Division has pioneered in the development and
application of K -band radar for terrain avoldance systems, Inltial efforts
begen under contract AF33(038)-22803—/ in 1951 with the study of all-
weather attack detection techniques for weapons systems, Terrain avoidance
radar development began in earnest in 1954 as an outgrowth of a requirement
found in this attack technique study. A field profille evaluastion program
using a modified Westinghouse commercial search rader was conducted at
Mount Washington, New Hampshireg/ Later, a K ~band breadboard model was
built and flight-tested in a B-17 aircraft under contract AF33(616)- 32&83
The present project is a continuation of this work into the prototype stege.

/final Report, Contract AF33(038)-22803 by Westinghouse Air Arm for
U. S, Air Force, WADC, 15 March l95h SECRET,

/Final Report, Contract AF33(6L6)-2248 by Westinghouse Air Arm for
U. 8. Air Force, WADC, 5 May 1955, SECRET.

3/Final Report, Contract AF33(616)-3248 by Westinghouse Air Arm Division
e’ for U, S. Air Force, WADC, TR58-222 (soon to be published) CONFIDENTIAL,
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SECTION Il

SCOPE OF PROJECT

The purpose of this project was to develop & terrain avoldance radar
sultable for flight-test evaluation, A brief study was to be made and &
design specification pfepared for customer approvael; then a developmental
model was to be bullt, using MILI-E-5400 as a gulde,

Tt was the objective of this project to improve on the previous terrain

avoidance rader in three respects:
a, To increase the dlsplay brightness to a level sultable for

viewing in bright sunlight,
b, To increese the range sufficlently to ellow a pllot sdequate
time to choose an optimum flight path and execute it in avoiding obstacles,
¢, 'To develop an antenna which would be:
(1} More suitable for mounting in an aircraft,
(2) Better adapted to rapid scanning,
(3) Less dlfficult to menufacture to the required tolerances,
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SECTION 1ii

SUMMARY OF SYSTEM CHARACTERISTICS

3.1 GENERAL ,
Tn order to achleve adequate resolutlon with minimum antenna slze,

Ka—band wes chosen, To minimize the need for pllot interpretation of the
display, & 3~dimensional display, developed by Westinghouse and flight-
tested in the previous terrain avoidsnce radar, was used, This display
presents azimuth and elevation in true perspective with image color re-
presenting range,

3.2 COLOR RANGES ;

Three colors are used to ldentify three range segments, What
these ranges should be is a function of alrcraft speed, mlnimum clearance
path to be flown, number of G turnm, and maximum susteined climb engle, The
method of determining the color ranges is explained in Appendix B, For
the type of aircraft and mission under consideration for this radar (300 to
500 knots and a pinimum saltitude of 150 feet) , these ranges were set as
follows: red range - 0.25 to 1.5 na.uticai miles; yellow range - 1,5 to
3 pautical miles; green range - 3 nautical miles to 10 or 20 neutical miles,
3.3 RESOLUTION, SCAN RATE, AND SECTOR COVERAGE

Resolution, scaen rate, sector coverage, and hits per beamwidth
ere interdependent, and the requirements depend oxi the seme sircraft and
mission parameters as color range. The product of resolution, scan rate,
sector coverage, and hits per beamwldth is limited by the meximum pulse rate
of the magnetron, In this radar set, adequate resolution with a beamwidth
of 1.750 degrees and a scan rate of 0,75 frames per second for the type of
aircraft and mission under consideration is achleved for a sector coverage
of 10 degrees vertically by 35 degrees horizontally, The derivation of
these parameters is fully covered in Appendix B,
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3.4 RANGE AND S ENSITIVITY
It can be shown (see Appendix B) that long range and extreme s

sensitivity are not necessarily desirable for terrain avoidance because of
the finite beamwidth of the antenna pattern and the low eltitude flight
condition, For a capebility of climbing over an obstacle, & 10-mile range 1s
more than adequate, In 10 miles, an sircraft can climb 7,800 feet in a 7,5~
degree climb, Terrain of such steepness and magnitude is rare if it exists

at all, In 10 miles, a pllot would have adequate time to determine and execute
& turn to avold any reasonably proportioned obetacle likely to be encountered,
This rader has a range gate of 10 and 20 miles which may be used., It is
expected that large targets can be detected up to 20 miles. The most distant
object visible from the Westinghouse Air Arm Division roof laboratory (where
ground tests were performed) is a group of radioc towers at 16.5 miles. These
are easlly detected by the radar set. It remains to be determined from flight
tests whether the 20-mile range is desirable for either terrain avoidance

or navigatlon purposes,

3.5 DETAILED SPECIFICATIONS
8, Antenna Characteristics
Antenns beamwidth -~
Vertical 1.75 degrees
Horizontal 1,75 degrees
Scan Sector
Vertical 10 degrees
Horzontal 35 degrees
Scan Rate
Vertical 0.75 cps triasngle
Horizontal 21.33 cps linear sawtooth
b, Transmitter characteristics
Magnetron type MA~207
Frequency 34,300 £350 me
Pover 70 kv (nominal)
Pulsewidth 0.25 microsecond
PRF 1365 pulses per second
c¢. Receilver Characteristics
System nolse figure 13.0 db
Recelver gain 92 db minimum gg!%

: CIA- -4
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Recelver i-f bandwidth 4.5 me
Varian VA-97

Manual or afc

Klystron type
Receiver tuning
Iocal Oscillator

frequency 45 me sbove transmitter
Intermediste
frequency L5 me

Color ranges

Red 0.25 to 1.5 nautical miles nominal

Yellow 1.5 to 3 nautical miles nominal

Green 3 to 10 or 20 nautical miles nominal
Range gate

minimum range.

maximum range
STC

0,25 +0,1 nasutical mlles
10 to 20 nautlcel miles
Varieble amplitude and shape

Indicator Characteriestics

Presentation Azimuth vs elevation 1n 3 colors
to present range segments

CRT type RCA CT3703C storage tube

Marks Alrcraft's heading, horizontal

reference
Input Requirements
115 volts 400 cps 3 phase Y connected at 7.5 amps,
28 volts dc at 2,7 amps,
Alrcraft's vertical reference, 2 synchro inputs
Hydraulic fluid at 1000 pei and 0,5 gpm
Alr pressure 40 psig |
Environmentel Conditlons
Operating altitude 15,000 feet maximum
Operating temperature =55 to +55 degree C
Vibration and shock per MII-E-5400
System Components
1 - Antenns
L - R-T, contalnlng the following subunits,

1 Preamplifier

1 automatic frequency control
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1 Modulator

1 Peostamplifier

1 Power supply

1 Synchronizer

1 E-scope

2 X-scopes

1 Control panel

1 Set lnterconnecting cable
3.6 GROUND OBSERVATIONS

The completed system was installed in a work area on the roof of

the Westinghouse Alr Arm plant, Figure 1 is &en actual photograph of the
terrain visible when looking southeest from this location, The distance to
Friendship International Airport Terminal Building is 1 mile, A water tank
located 3 miles eway cen be seen in a gap in the beckground terrain to the
right of the terminal bullding, This plcture covers nearly the same terrain

as the radar scan sector,

Figure 1. Photograph of Terrain Seen from Westinghouse Laboratory

Approved For Release 2001/08/28 : CIA-RDP67B00657R0QQ32Q9300 M réa L
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A picture of the radar indication for the same area 1s shown 1ln
flgure 2, The aforementioned water tower can be seen as a yellow object
near the center of the radar plcture, A green object can be seen on the
right side of the radar plcture. This object 18 a group of radlo towers
located near Annapolls, approximately 16,5 miles away, These towers are
not visible in the terrain photograph, but can barely be seen with the un-
alded eye from the roof-top ventage point on & clesr day, These towers have

been observed with the redar through fog and moderate rain,

Figure 2. Terrain Avoidance Radar Picture of Terrain Seen from Westinghouse Laboratory

- On one occasion, the set was operated during & series of thunder-
storms, The rain was so heavy that at times the alrport could not be seen
visually., Under these conditions a solid red image of rain return was ob-
served on the radar scope. As a crude correlstion between visusl and radar
visibllity, the alrport tower was observed during these heavy rains, During
more moderate but stlll heavy rainfall, the alrport and water tower showed
up clearly, Clouds were presented on the radar at ranges of 1 to 10 miles,
although the radio towers were not seen during this period, After the
weather cleared locally, & thunderstorm was observed on the radar image at

c onrAPRRPVEELFor Release 2001/08/28 : CIA-RDP67B00657R000300030001-4
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18 to 20 miles, the meximum range that 1s displayed,

Several cbservations confirmed that cloud palnting 1s selective,
At times the clouds visually appeared to be uniform, but the radar displayed
only parts which epparently were more dense raln-bearing clouds.

While the sbove observatione are qualitative, they demonstrate
that the radar will present short-range obstacles adequately for terrain
avoldance through clouds and moderate rain, Furthermore, heavy rain-bearing
clouds present a characteristic spotty appearance which an experienced ob-
server should be able to distinguish from the more solld image presented by
terrain, A better evaluation of these factors should be accomplished during
flight tests,

37 BENCH TEST DATA

Bench test data and detailed circult information are covered in

a separate handbook: "Radar Terrain Clearance Set AN/APQ-82(XY-1)."
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SECTION 1V

CONCLUSIONS AND RECOMMENDATIONS

4.1 GENERAL
On the basis of ground tests, 1t appears that the present system

will satisfactorily perform the terraln avoldance function, However, 1t
should be flight-tested both to evaluate 1ts performance in the alr and to
gein experience in flying from thié type of display.

A flight test program to this end is to be conducted by the
Weapons Guidance Laboratory, WADC, and Westinghouse early in 1959, The
program is designed to test the redar for besic operating characteristics and
from the operational standpoint by hooded flights using the radar display as
a navigation sald, .
4.2 DESIGN IMPROVEMENTS

In addition to exhaustive flight tests, it is recommended that the
following design improvements be incorporated in any future terrsin avoidance
radar,

o MAGNETRON

A magnetron with e higher duty factor should be developed to

allow the use of faster scan rates, The corresponding reduction in time per
scan would then permit a lower minimum altitude and reduce the amount of
alrcraft tra#el during one frame time, In straight-line flight and during
gradual turns in 300~ to 500-mph aircraft, the present system should prove
satisfactory. Its usefulness in higher speed aircraft and during more rapld
turns would increase in proportion to the scan rate.

b,  CATHODE RAY TUBE

The feasibility of using s two-gun cathode rsy tube to

eliminate the need of multiplexing two images from one gun éhould be
investigated, This action would considerably simplify the presentation
system circuits, although the problem of registration of two guns might be
troublesome.
couAtﬂproved For Release 2001/08/28 : CIA-RDP67B00657R000300030001-4
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Another major problem with presently available storsge-type
cathode ray tubes 15 the small grid base and limited tonal range. Various
manufacturers are presently engaged in improving these characteristics with
thie problem in view. When improved tubes become_available, a more satis-
factory imege will undoubtedly be obtainable on the profilometer display.

c. OPTICAL SYSTEM

The image brightness and consequent visibility in bright
light is considerebly better using a dichroic mirror optical system instead
of & lens system. While the drawings and instruction manual show a lens
system, a dichroic optical system was developed with Westinghouse funds at
the close of the contract and supplied with the radar,

d. ANTENNA IMPROVEMENT

As a result of a reduction in the scope of the original
contract, antenna development wes suspended after construction of the first
model, On the basie of results achieved, it is recommended that antenna
development should be continued to find an optimum beamwidth end means to
minimize beam deterioration that now occurs as a function of scan angle,

Approved For Release 2001/08/28 : CIA-RDP67800657R03%3£9=q%029‘1 -4
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SECTION V

SYSTEM CHARACTERISTICS

. 541 PRESENTATION SYSTEM

5.11 X-SCOPE

The X-scope is the fundamental system dlsplay indicator. An
azimith engle vs elevation scan is presented and three colors are used to
present the third dimension, range. The indicator thus presents a trans-
verse profile of the terrain in front of the airplane in its true ﬁerspective.
The display is observed on a ground glass viewing screen on which the image
is projected from the cathode ray tube using a red and green filter system,

The X-scope chassis contains, in additlion to the storage
tube, the necessary high voltage power supplies end filament transformers.

It also provides controls for vertical and horizontal centering, video gain,
and display separation. Brightness, focus, collimating, and oﬁher controls
for the viewing gun and erase gun of the storage tube are screwdriver
adjustments accessible from the front panel.
5.1.2 ‘ X-~-SCOPE DESIGN

~ With the relatively slow frame rates of one per second or
less that must be used, a long persistance image 1s required; however, long-
persistance-cathode-ray-tube phosphors have a decided disadvantage in thelr
low brightness. In order to maintaln both long persistance and high bright-
ness, a storage-type tube was chosen, These tubes have a maximum brightness
of 2000 foot~-lamberts which is adequate for viewing in direct sunlight.

The secondary problem in developing the presentation system
was the opticai system design., To ensure simplicity and ease in inter-
pretation of the color presentation, it was decided to use only three colors.
Red represents short renge (0.25 to 1.5 n.mi.), green represents long

range (3 to 10 or 20 n.mi,), and the combination of red and green, yellow,

Approved For Release 2001/08/28 : CIA-RDP67B00657R000300030001-4
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represents intermediate range (1.5 to 3 nmi.).

To avoid the complexity of optically combining three images,
only two separate images are used, with the third being formed by optically
combining the first two using appropriate time sharing techniques., Specifi-
cally, the combination is accomplished by placing a red filter in front of
one image, & green filter in front of the second image, and then projecting
the outputs onto a viewing screen.

Originally it was thought that selective lmage erasure could
be used; however, in order to use selective erasure, it was necessary to use
& single-writing-gun tube, since this was the only type availsble, This
requirement made it necessary to switch one writing beam between the two
imeges as a function of range. To make it poseible for an object to appear
in both imsges, 1t was necessary to effectively stretch all video returns to
the width of the yellow range interval. A red range extending to 1.5 miles
was selected on the basis of alrcraft performance.

It appeared desirable to use a relatively short mid-range or
yellow-range interval, since this minimized the probability of a noise pulse
exceeding the threshold and increased the reliability of this range interval,
The yellow range was therefore adjusted to extend from 1.5 to 3 miles, In
this case, the writing beam painted the red image for returns received from
ranges up to 3 mlles. The video was stretched to a width of 1.5 miles, so
that any video signal appearing at a range between 1.5 miles and 3 miles is
painted not only in the red image, but also will last long enough to appear
in the green image area., This same effect could have been accomplished by

- using e delay device to repeat the signal 1.5 miles later; however, video
stretching was used since it offered a possibility that the relative bright-
ness of the red and green image would vary in proportion to the range loca=-
tion of the target and the resulting time spent in painting each image, thus
ellowing perhaps two or three shades of orange to yellow to be identified.
Target returns are only used to trigger a pulse generating circuit producing
a video pulse of standard width and amplitude. Standardized video eliminated
the possibility of brightness discrimination between weak signals or noise,
and strong signals. However, it has been found that little brightness shad-
ing ies apparent to the eye because of the characteristics of the storage tube
when used at low scan rates and with nonselective erase. In nonselective

erasing, the backing electrode is pulsed at a high rate to remove the stored
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charge and cause a decay in a fixed time after writing. The fixed decay

time is a function of the erase pulse width which.therefore can be used to
vary the persigtance. If halftones are to be preserved in writing, an image
must be produced which is brightest in the region Jjust written, end there-
after is continuously fading out until rewritten. If halftones are sacrificed,
8 delayed droop characteristic can be achieved where in each area remains reg-
sonably bright until shortly before it 1s rewritten. This feature is ach~
leved by writing a saturated image which makes the earlier brightness decay
less apparent, With the slow frame rate used in this system; 1t 1s necess-
ary to use delasyed brightness decay to achieve a picture with satisfactory
continuity, otherwise, only a part of the picture would be visible at one
time, which is unsatisfactory. Selective erase would eliminate this effect,
preserving the halftones while achieving the delayed decay by erasing Just
ahead of the writing beam; however, other shortcomings. of selective erase
render it unsuilteble for this]system. As & result of the above considera-~
tions, 1t eppears that brightness shading cannot be used with preséntly
available storage tubes,

Originally it was thought that selective erasure could be
used. Because of the long lead-time required to procure a storage tube and
the short schedule of this projJect, the design of the final model of the X~
scope was completed and construction was under way before a storage tube was
received. When the storage tube arrived, tests disclosed that it did not
pverform as well as was claimed. The erase spot size was too large and could
not be reduced to the desired size. The ofig;nal plan was to erase just
ahead of the writing beam to minimize flicker and increase the brightness,
but the erase speed was too slow to allow erasure in synchronism with the
writing beam. As a result of the fast erasure, a bright halo surrounded
the erase spot. To avold these difficulties,-the alternative of nonselec-
tive erase was used,

If two returns at different ranges are received from one pulse,
as when the beam is partially intercepted by a short range (red) and a long
range object (green) they will appear as a yellow or intermedlate range
object. To eliminate this dangerous possibility, the video is gated so that
only the first return from each pulse is displayed. ‘

The center of the dlsplay represents the aircraft heading and

1s marked by a fixed mark on the viewing screen. To enable better
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interpretation of the image, a set of horizontel lines driven from the air-
craft vertical reference and stebilized in roll to the space horizontal plane
are located in front of the image,

5.1.3 E-SCOPE

The E-scope or profilometer is an auxilary unit which provides
addltional information that can be itilized by a'copilot or navigator. This
informaetion consists of aircraft altitude and a terrain profile. It also
provides a video dlsplay for setting receiver gasin,

The face of the E-scope contalns cursor marks that indicate
altitude for both the altitude end terrain displays. The altitude display
cursor conslsts of a horlizontal line, marked in intervals of 100 feet, in the
upper half of the tube face. The profile display cursor consists of horizon-
tal elevatlon lines which indicate heights in intervals of 1000 feet gbove or
below the alrcraft altitude. The corresponding radar range of these objects
1s indicated electrically by means of markers occurring at appropriate
intervals during each sweep,.

The alrcraft altitude information is displayed once during
each vertical cycle of the antenna, when the antenns is at its maximum depres-
sion angle,

The terrain profile informetion is displayed by sampling the
echo returns from any one angular direction of the antenna's azimuth cover-
age. This angular direction may be selected by the operator by means of a
calibrated profile selector disl.

The azimuth direction which 1s being profiled is continuously
 indicated on the companion X~scope by means of a brightened vertical line,
With this provision, the operator may select from the X-scope the profile
to0 be examined by turning the profile selector dial on the E-scope unit until
the brightened vertical line coincides with the terrain to be observed,
Altitude and range Informatlon for objects 1n the selected terrain sector mey
then be obtained from the terrain profile display on the E-scope.

52 ANTENNA

5.2.1 GENERAL
The antenna consists of a sectoral horn feeding a cylindrical

parsbolic reflector, The entire assembly is nodded mechanically by a hydrau-
lic actustor to achieve the verticel scan., A unlque method of folding and

rolling up the horn is used to execute a rapid sawtooth horizontal scan using
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rotary motion of the horn feed. The evolution of the horn is described in
Appendix A, To feed the horn, a rotary Joint which requires no contact
between the horn throat and rotating feed was developed, A pillbox is used
to direct the energy to the reflector end correct the wave front phasing. A
magnetic pickup is placed in the rotary feed to sense the scan motion and
furnish a pulse to trigger the indicator sweeps. A three-gang potentiometer
1s connected to the antenna so that the vertical motion rotates it to furnish
the vertical sweep voltage to the indicators. The limits of the vertical scan
sector are determined by the location of reversing microswitches actuated by
the entenna, These switches can be adjusted to achieve the desired scan
angle, The horizontal sector is determined by the horn configuration.
5.2,2 SCAN SECTOR AND BEAMWIDTH

A scan sector 10 degrees vertical by 30 degrees horizontal

was chosen as a compromise between sector coverage and scan rate, while using

& beamwldth no wider than is essential -~ in this case 1.75 degrees in both

planes, The Justification for these values is glven in Appendix B, The
horizontal scan sector is determined by the geometry of the rolled-up horn.
Although the design objective was 30 degrees horizontal scan, the first model
actually covered 35 degrees, '

The horizontal scan is a linear sawtooth, while the vertical
scan is linear with rounded limits for mechanical reversal of motion, .Using
a 0.25 miecrosecond pulse, a 1365 cps pulse repetition frequency, and a stand-
ard 1280 rpm (21,33 rps) gear motor driving the horizontal scan, 3.2 hite per
beamwidth are achleved. With a 1,75-degree beamwidth and a 10~degree vertical
scan, there are 5.7 vertical beamwidths per vertical scan, or 1l.4 per com-
plete frame, To allow a 50-percent vertical overlap of the beam pattern, 1/2
beamwidth of vertical travel per horizontal scan, or 22,8 horizontal scans per

frame are required. The vertical scan speed must be

Hor scans/sec 21.33 _
= 55733 = 0,94 cps.

Hor scans/frame

This value is the linear travel rate, If the vertical scan requires a 10-
%A%E = 0,88 cps, It
is necessary to use vertical overlep to minimize striping and to produce a

percent reversal time, the vertical scan rate will be

more solid picture. It 1s also necessary to use the minimum number of hits
per beamwidth that will give satisfactory coverage in order to allow maximum

scan rates and minimize aircraft travel per frame, The product of hits rer
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beamwidth and beamwidths scanned per second is limited by the magnetron duty

factor. The justification for the values used is given in Appendix B. Exper- g!%%
ience with rader using so few hits per beamwidth is limlted. It is possible

that 2 hits per beamwidth may prove adequate. This will be evaluated in the

f1ight test program. A 2040 rpm (34 rps) geer motor driving the horizontael

scan would allow 2 hits per beamwidth for a vertical scan rate of 1.36 cps.

This system is designed so that the horizontel scan motor can be changed to

accomplish either a 21.33 or 34 cps scan., The vertical scan rate can be

varied by an adjustment on the hydraulic control valve,

To correlste the antenna coverage sector with the actual
terrain coverage for purposes of aligning the antemna to scan some desired
area or to center the scan about the aircraft's heading, a sighting fixture
was provided, The sight was mounted on the antenna in a fixed position.
Three front slghts were provided and aligned with the center and each scan
1limit,

5.3 RECEIVER-TRANSMITTER
A very compact R-T unit was deslgned for mounting directly on the
back of the antenna. While this adds weight to be rocked at the vertical
scen rate, it helps balance the antenna and does not add to the scanned =
frontel area. In addition, mounting the R-T unit on the antenna eliminates
a rotary joint end the subsequent r-f loss., The antenna development was
stopped after the first breadboard model was completed, Consequently, the
integrated antenna~receiver-transmitter was not completed, The R-T was
connected to the breadboard antenna through a rotary Jjoint. A stop equal in
width to the rotating feed in the antenna scanner, which prevents energy from
dividing between the limits of the scan as the scan passes from one limit
to the other, causes most of the energy to be reflected back toward the mag-
netron when the scanner passes over the stop. To avoid demage to the mag-
netron window and minimize pulling, a ferrite isolator is used in the R-T
unit.
5.4 MAGNETRON
Because of the near-grazing angles involved, high power is required
to ascertain that each radar signal return exceeds the noise level of the
recelving system. The two highest power magnetrons available for use in the
Ka-band are the MA-207 and the 6799. Table 1 lists the characteristics of A

these two magnetrons,
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TABLE ¥
MAGNETRON CHARACTERISTICS -

CHARACTERlSTIC MA 207 ' 6799
Peak Power (KW) 60 , 150
Pulee width {usec) 0.25 0.1
Duty cycle ' 0,0004 ~ 0.0002
Average power (watts) ol 30
PRF (mex. ppe) 1600 2000

It cen be shown (see appendix B) that the MA-207 1s more suitaeble for terrain
avoidance radar, The use of the 6799 would also add epproximately 50 pounds
to the welght of the system, '

5.5 SYNCHROMIZER
The synchronizer provides the timed pulses needed to correlate and

s&nchronize the various functions of the terrain avoidance radar,

To obtain a stable prf (pulse repetition frequency) snd an accur=-
ate correlation between the transmitted pulse and the range markes on the E-
scope, a crystal controlled l-mile mark generator was used. The output is
obtained from a frequency divider chain, This type circult is more complex
than others, but has improved stability. One importent advantage is that
most of 1t is trensistorized and designed to operate satisfactorily with any
trensistor within the manufacturer's specifications., The circuits are tem-
perature stabilized and have been tested and proved satisfactory over the
range of -55 to +100° C,
5.6 POWER SUPPLY

Because of the use of direct coupled vertical deflection circuite
in this system, extremely stable supply voltages are required. Drift with
temperature, input voltage, or loed must be kept to a minimuf, since this
will show up as & change in the vertical relatlonship between the aircraft
heading, which is marked by a fixed marker engraved on the viewing screen,
and the  terrain displayed.

Temperature effects upon the supply are virtually eliminated by
means of indlvidual ovens which entirely enclose the feedback amplifier con-

trol circuits and maintain the circuit components at a temperature of 85
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2°C,
The regulation and ripple of the supplies are shown in table 2.
TABLE 2
POWER SUPPLY RATINGS
YOLTAGE RATING (ma.) RIPPLE (percent) REGULATION (percent)
+400 50 0.03 +3.8
+300 800 0.025 1,01
+150 800 0.025 10,01
+22.5 50 0.3 3.3
=150 800 0.025 10,01
«300 200 0.025 10.01

20
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APPENDIX A

ANTENNA DESIGN

The present terrain avoldance system requires scanning in both azimuth
and elevation. A system requirement for a sector courage of 30 degrees
horizontally by 10 degrees vertlcally was established (see appendix B).
Mechanical scanning is feasible for the slower scan in one plane., To further
simplify the problems of mechanicael scanning, it appeared desirable to per-
form the mechanlecal scan in the vertical plane where the required travel 1is
least. A rapld scan in azimuth was therefore required. The rapid scan
could have been performed in elevation, thus limlting the required scan to
10 degrees and easing the problem of beam deterioration for the rapid elec-
trical scan at the expense of the mechanical scen, Preliminary investigation
indicated that an acceptable beam could be achieved ovef a 30-degree scan.

In order to obtain a scanning pencil beam to satisfy the above conditions,
a horizontal scanning line source could be mounted atbthe focal line of a
parabolic cylindrical reflector and the vertical scan can be accomplished
by rocking both the reflector and line source.

Various methods were considered to achieve rapid scanning in a plane,
These are:. ‘

a. A pectoral horn folded in such a way that the direction of peak
radiastion can be moved through an angle in space by contlinuously roteting a
emall feedhorn in a single direction.

' b. A slotted wavegulde with a moving backwall whose position may be
varied thergby chauglng the velocity in the wavegulde.

¢. A controllable r-f phase shifter, such as those made with ferrites,
vhere the phase shifting is controlled by a magnetic field varying according

to the same amplitude and frequency.
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d. Trough waveguidesl/which employ an electromechanical meens of beam
scanning. -

A gectoral horn described in parsgraph a., above, has an advantage over
the moving backwall type in that scenning is produced by a continuous rotary
motion of the feed, whereas in the latter, the backwall 1s moved to and fro,
For the rapld scanning rates required, the rotary ﬁotion pregents less mechani-
cal problems; however, in contrast, the inherent aberrations that exist in a
folded sectoral horn do not exist in the moving backwall type.

It was found that éither of the ebove is better gble to satisfy the
demands of the terrain avoidance specifications than the ferrite-type scan-
ning entehnas for two reessons. One is the difficulty in producing the magne-
tic field to effect the necessary phase shifting, and the second is the
adverse effect of temperature upon the phase shifting characteristics of
ferrites.

The electromechanicael scanning mesns, using a trough waveguide, looked
promising as a rapid scanner because a reciprocating motion is not necessary.
However, not enough information was availeble on this type of antemna to
determihe its femsibility as a scanning-line source in an antenna for a
terrain avoidance system. In view of that fact, it was decided to use a folded -
sectordl horn., A scenning rate of at least 20 scens per second 1s required.
Furthermore, the beem pattern specificatione are not so severe that a sectorsl
horn would not be the most practical as far as performance, volume, and weight
are cohcerned.

The most common type of sectoral horng/ia used to focus the energy from
a point source placed at the focal point of a reflecting surface, and conflne
it between conducting plates into a cylindrical wave front as is emitted by
eny line source, The folded, double-layer sectoral horn reduces the reflec-
tions back to the feéd.

The following requirements were esteblished for a focusing elementlsuch

as a sectoral hom.

l/ Walter Rotmen, "Electromechsnical Scanning by means of Trough Weveguides'
(Classified) Georgia Inst. of Tech., Atlante, Ga., Symposium Record of
Georgia Tech, SCEL Meeting on Scanning Antennas pp 369-381, December 1956.

g/ S. Silver, "Microwave Antenna Theory and Design", MIT Rad Lab Ser. McGraw
Hill Book Co., Inc. New York, N. Y, Vol. 12, pp 459-h6k; 1949 -,
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a. Aberretions should be smell so that the beam divergence is caused
mainly by the usuai wavelength-aperture relationship.

b. The locus of positions of the moving feed should fall as nearly on
the arc of a circle centered as nearly on the center of the focusing element
as is mechanically feasible,

c. Energy absorption and back reflections of the sectoral horn should
be held to & minimum.

d. The design should be such that production is mechanically feasible
and, in the interest of reasomable cost, complexity should he held to a

mindmum.

Farly systems employing this folded type of construction include the
Robinson and Schwartzschild Scanning Feeds§{ both of which are electro-
mechanical scanning devices.

Another approach investigated was to produce wide-sngle scanning by means
of circuler symmetry in the antenna. Iamsﬂ/ has built a circular reflector
with a correction element. Thie gcanner covered an 82-degree field 20 times
per second with a beam 1.1 degrees wide up to *30 degrees, increasing to 2.3
degrees at thl-degree scan. Construction consisted of & double-layer,
circularly symmetric type with a toroidml bend substituted as the reflector.
A lens which corrects spherical aberration of the system was moved with the
wavegulde input. The multiple feeds were switched sequentially so that a
rotary motion was accomplished. However, in'spite of the rotary motion, the
large mass of the lens elements presented mechanicel problems. Furthermore,
the besmwidth was greater than that for a parsbolic reflector of the same
gize.

- Another sectoral horn type which was investigated is the Chait Microwave
Schmidt Systemé[ This type 1s a double-layer pillbox with a non-centric dle-
lectric lens of the Schmidt type to correct for the aberrations of a éircular

‘E/W.M. Cady, M.B. Karelitz, and L.A. Turner, "Rader Scanners and Radomes".

M.I.T. Rad. Leb. Series, McGraw Hill, Vol 26, pp 45 - 61.

E/H.B. Devore and H. Iams, "Microwave Optics between Paralleled Conducting
Sheets," RCA Rev Vol 9, pp T730~T732, December 1948,

E/H.N. Chait "A Microwave Schmidt System" Naval Res. Lab. Washington, D.C.
NRL No 3889; May 1952. Also see "Wide Angle Scan Redar Antennes" Electronics
Vol 26, pp 128-32, Jan. 1953
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cylindricel mirror. It showed possibilities in the antenna application here,
but a method of folding to allow rotary motion of the wavegulde feed could not
be conveniently fabricated.

Another way vwhich was studied was the use of the geodesic principleé/ to
construct flat conducting sheets into speciml geometric shapes. Also, the
Luneberglens’ principle was found to have been used in repid scannere. These
types of scammers were found to be difficult to build to the tolerances
required for the performance desired.

Another type of antenna which could be used is & modified Foster Scanner
serving as a rapld scanning line source located at the focus of a parabolic
cylinder. This whole assembly could be scanned slowly. Further investlgation
is necessary to determine the feasibility of this type of line source as in a
terraln avoidance system. One model was built with beamwidth of less than
2 degrees and sidelobe supression of 20 db or more over a scan renge of 45
degrees. It is belleved that the large size of this model could be counsilder-
ably reduced for smaller scan range.

The type of sectoral horn used in the present design ls a two-layer
folded type. Basically, the wavegulde feed swings through a circular arc PN
which, at all positions, is as close to the focus of the reflector as is
mechanically possible. A circular reflectorz/ principle was chosen in order
to obtain better uniformity of beam pattern throughout the scen esngle. By
observation of figure A-l, it can be seen that if the feed-position locus wvas
an arc of circle, the center of which concides with that of the circular

é/B. Berkowitz and J. D'Agostino, "A Geodesic Antenna for Flush Mounted
Applications"(Classified) Georgia Inst. of Tech., Atlanta, Ga., Symposium
Record of Georgla Tech, SCEL Meeting on Scanning Antennas pp 283-293;
December 1956

I/R,J, Rinehart, "A Femily of Designs for Rapid Scanning Radar Antennas"
Pro IRE, Vol 40 pp 686-688, June 1952

§/R.C. Honey and E.M.T. Jones, "A Mechanically Simple Foster Scanner"”,
Trans, IRE, Vol AP-4 pp LO-46, January 1956

2/Ashm.ead end A.B. Pippard, "The Use of Spherical Reflectors as Microwave -
Scanners" JIEE (London) Vol 93 pt IIIA 1946, pp 627-632.
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CIRCULAR REFLECTOR OR

/ TOROIDAL BEND

/ REFLECTED RAY
LOCUS OF FEED POSITIONS
A /

{2db POINTS OF FEED PATTERN WHEN FEED
/POSITION 1S AT CENTER

E

c

I. AB: LOCUS OF FEED POSITIONS.

2. PQF. CENTER OF BEAM OF FEED POSITIONED
AT P. PE AND PD ARE INTENSITY LINES
12db DOWN FROM PEAK.

3 AM' CENTER OF BEAM WHEN FEED {$ AT A,

4. 8G: CENTER OF BEAM WHEN FEED 15 AT 8

\ REFLECTED RAY

GT 18894

Figure A=1. Simplified Layout Showing Optics of the Folded Pillbox

reflector, the beam pattern would be independent of feed position as long as
the reflector intercepted mll of the significent energy from the feed. In
such a circularly symmetric system, only the on-axls aberrations, such es
spherical, would be present. Off-axis aberrationg, such as astigmatism and
coma, would be absent.

As can be seen later in the discussion, it would be quite difficult to
find a way to fold such a configuration into a shape such that a rotating
waveguide feed could be employed. Consequently, the feed locus arc was made
to curve the other way, as seen in figure A-1, in order to achieve the above
with relative simplicity, but with a sacrifice of beam pattern uniformity.
Of course machining tolerances also can contribute to nonuniformity of beam
over the scan. . , . ) » _

The basic geometry of the present optical system design 1s shown in
figure A-1. The feed swings along the arc AB with the center of the beam
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from the feed being normal to this arc. While the feed is stationed at point
P, the center of the beam is directed toward point F on the reflector, and the
part of the beam which is 12-db down from the peak intensity strikes the
reflector at points D and E. The reflected rays from points D and E are
slightly off parallel to the reflector axis, due to spherical aberretion.
While the feed is at point A, the center of the beam is directed toward point
H. The reflected rays would be very nearly parallel and at an angle of 15
degrees from the reflected rays produced by the feed while at point P. While
the feed is at point B, the reflected rays are also at angle of 15 degrees in
the opposite direction from the reflected rays produced by the feed while at
point P.
Figure A-2A i1s & schematic diagram of the arrangement shown in figure A-1,
without the circular reflector. Figure A-2B shows the position of a backwall
reflector eand the change of the position of horn feed arc. Figure A-2C
illustrates how the sectoral horn can be rolled up 80 that the waveguide feed
cen be rotated as previously described. From figure A-2 1t can be seen that
the beam position would progress only one vay and then suddenly jump back and
start over as in a sawtooth waveform. ‘-%
A circular toroidal bend is used instead of a circular reflector. )
Diverging rays, emsnating from the straight edge of the sectoral horn shown
schematically in figure A-3, enter the toroidal bend and emerge collimated
at the straight edge AB as shown in figure A-2C. The reys are confined to
this small circular fold to prevent reflections back to the wavegulde feed.
Flanges or horn sides are fastened along the straight line aperture in order
to effect a better impedance mstch to space. This aperture provides the line
source which is the feed placed at the line focus of a parabolic cylinder. As
& result, a pencil beam that can be rapidly scanned in azimuth can be produced,
In designing and fabricating the antenna, the dimensions must be held
within tight tolerances in order to minimize r-f phase errors. The optical
paths in the sectoral horn are closely dependent on such factors as backwall
position, radii of the circular toroidal bend, and spacing between any of the
inner adjacent surfaces. The first approach was to use sheet metal. Two
sheets similar to the illustration shown in figure A-2B were cut. Then an
attempt was made to roll them into a configuration as shown in figure A-2C.
The control of the conical dimensions was inadequate, and furthermore, a P . 8
backwall had to be placed in its proper position. The plane parts that were ’
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A. SECTORAL HORN

2,

. AB DETERMINED BY DESIRED BEAMWIDTH

2. CO DETERMINED BY FEEDHORN :
PATTERN AND DESIRED BEAM PATTERN

3. EF DETERMINED BY DESIRED SCAN
SECTOR

EF IS AN ARC OF A CIRCLE WITH
RADIUS CD

EF |3 ALSO THE STRETCHOUT OF A
RIGHT CONE WITH SLANT HEIGHT CD.
PADIUS OF THE CONE BASE IS THUS
FIXED AND MAY BE COMPUTED

8. FOLDED SECTORAL HORN
l.

FOLD ALONG ANY CONVENIENT LINE;
SUCH AS FG MAKING E FALL ON BF
SINCE A SECTORAL HORN 1§ COM-
POSED OF PARALLEL PLATES, THE
HORN 1S EFFECTIVELY FOLOED 8Y
PLACING A BLACKWALL FG BETWEEN
THE PLATES. THE RAY PATHS ARE
THUS FOLDED AND THE RAYS RE-~
FLECTED FROM FG.

. LOCATE THE CONE APEX, C'.

ONLY ABFG 1S NECESSARY TO THE
ANTENNA ACTION. EFI IS THE
TRUNCATED SECTION OF THE CONE
REQUIRED. FGH iS ADDED FOR
STRUCTURAL REASONS,

C. SECTORAL HORN FOLDED AND ROLLED
up. )

or-18897

Figure A=2. Development of the Rolled~Up Sectoral Horn

reasonably light in weight were not stiff enough, consequently reinforcing
ribs were necessary. It was obvlous that 1f these ribs were attached with

screws, then the screws would produce intolerable electrical discontinuities

on the inner adjacent surfaces. Welding of the ribs onto the plane sheets

was tried and produced intolerable warping. Consequently, the use of sheet

netal was abandoned.
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Gr-18898

Figure A=3. Folded Circulor Reflector

In order to satisfy the above conditions, the major parts of the assembly
were machined. The conical parts consisted of the ocuter truncated cone, and
the inner cone. The spiral backwall was mounted on the outer surface of the
inner cone. The data used to determine the position of the spiral backwall
were calculated on an IBM computer. Two parallel trapezoidsl plane plates
were machined with outer ribs to effect adequate stiffness, and were assembled
onto flanges on the outer cone. The inner or propagation surface of the.
plece which provides the outer surface of the circular toroidal bend geometri-
cally resembles the imner surface of a circular arc whose cross section is
semicircular and whose sides extended in such a way that both the entrance and
exit parts of the surface are straight. See the schematic diagram in figure
A~2 and also figure A-3. Dimensional stability of this piece is achieved by
clreular flanges on the outside. The plece which provides the inner surface
of this circular reflector is a negative of the propagation surface of the
plece Just described. Each of these parts are machined and are bnlted both
to the parsllel plates and to each other. Flanges are bolted to the exit of
the circuler reflector in order to produce & better impedance match t. space.
The parabolic cylindrical reflector is of lightweight construction concisting
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of sheet metal strengthened by plastic honeycomb meterial.

. The wavegulde feed or feedhorn is part of two concentric surfaces of
revolution which are part of the rotor. Two septums between the surfaces
and small sectors of the surfaces themselves form this feedhorn. The horn
electriéally coupies the cylindrical wavegulde of a rotary Joint to the
circular. spacing entrance into the sectoral horn. Thé hollow space of the
rotor sxle serves as the sbove-mentioned cylindrical waveguide and extends
to a stationary wavegulde junction which 1s supported by a cap that screws
onto the outer cone. This cap contains the two ball bearings which support
the rotor.

This rotor is driven at approximately 20 rps by a small motor housed
inside the inner cone. Algo, & magnetic pickoff 1s attached to the support-
ing plate on which the motor ie mounted to provide a sweep synchronizing
pulse at the beginning of each scan.

The sectoral horn and the parabolic cylinder were then.mounted as an
assembly on a support in such a way that this assembly could be rocked by a
hydraulic actuator or electric motor. This rocking action provides the slow
vertical or elevation scan.

In the experimental setup, a hydraulic actuator was used. It wes con-

- trolled by & servo electro-hydraulic valve. This valve has the property of
controlling hydraulic pressure at a magnitude that varies as 1ts electrical
input. As a result, the frequency of the vertical scan can be easlly variled.
The scan emplitude 1s determined by positlons of two microswitches which
gontrol the signals to the control valve. Furthermore, the sectoral horn
ieflector assembly is mechenically linked to a potentiometer such that an
electrical output corresponding to the antenna vertical scaen position 1s
provided for driving the indicator sweeps. '

In the final measurements of the assembled antenna, the following results
were demonstrated:

a. The vertical or elevation pattern is shown 1n figure A-4, The
beam 1s 1.5 degrees wide at the half-power pdints. Notice that the pattern
is~reasongbly smooth.to more than 20 db below the pesk intensity. This prop-
erty is required to minimize signal returns from level terrain in the fore-

: ground.
b, The azimuth or horizontal pattern is shown in figure A-5. The beam
i1g 1.5 degrees wide at the half-power points at the extreme scan positions,
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wheras 1t 1s 3.25 degrees at the center of the scan range. This indicates
that the phese front from the pillbox is more distorted when the waveguide
feed 1s in the center of the scan. Referring to figure A-1, it cen be seen
that if the point P is at the virtual focus of the circular reflector, the
wavefront from the reflector should be less distorted than when the feed is
at positions A and B; however, the optical pathe from the feed, at any scan
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position, to the reflector can be influenced by variations of the spacing
between the gpurfaces of the plllbox, and the accuracy of the backwall posi-
tion. Consequently, it is entlrely possible that variations due to machining
tolerances could have produced the measured azimuth beam patterns. Further-
more, & slight shift of the feed locus away from the reflector theoretically
could reduce the sberrations while the feed is at positions A and B, but at
the expense of increasing the aberrations while feed is at position P.

The performance of this antenna is adequate for the present system. The
horizontal béamwidth is somewhat wide at the center of the horizontal scan
range, but this could have been lmproved by'further investigation of the phase
errors caused by dimensionel veriations due to machining tolerances. If
beamwidths of less than 1 degree and sidelobe supression of greater than
20 db are desired over a 30-degree scan range, the present scheme is considered
hardly feasible because of the inherent aberrations of the basic optical
system used.
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APPENDIX B

OVERALL DESIGN vPARAﬁ(ETERS

The idesl terrain avoidance systenm should have the following basic
characteristics:

a. Scan rapidly enough so that alrcraft travel between successive scans
1s negligible. A scen of this relative rate would approximaete the efféct of
a continuous view of the entire area, simulating the pilots view through the
aircraft windshield.

b. Cover a large angular fleld of view to enable a better choice of
flight path.

c. Narrow beamwidth to eneble good resolution.

d. Have a certain minimum number of trensmitted pulses per beamwidth
of scan to be certain of detecting small targets. It would be desirable to
have many transmitted pulses per beamwidth to increase sengltivity and improve
signal to nolse discrimination, but i1t will be shown that this 1s impractical.

Each of these desirable chafactefistics will increase the reduired pulse

- repetition frequency of the radar set. The maximum prf is limited by the

duty factor of availeble magnetrons. If a rectanguler sector 1s covered,

prf = N x BX W x frames/sec.
- (B)®
where
N = number of hits per beamwidth
H = height in degrees of sector covered
W = wldth iﬁ degrees of sector covered
Bw = antenna beamwidth

The minimum practicel number of hits per beamwidth was chosen to allow
maximizing the other factors. Experience with so few hits per beamwidth is

,limited; however, Westinghouse found that three hits were satisfactory in a
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previous terrain avoldence system. Provision was made to change the scan
speed so that the radar can be operated with two hits per beamwidth to
determine if this number appears equally satisfactory. The only objection
to the use of so few hits is that it eliminates any form of display inte-
gration which would enhance sensitivity and.range. On the other hand, 1t
will be shown that adequate range is achieved and & sensitivity greater than
required will only deterlorate resolution due to beam broadening.

The mmber of frames per second to be scanned must be determined in
terms of sircraft travel between scans end must be made no greater then
necessary, to allow a meximum field of view with adequate resolution. Thus,
antenna beamwidth may be chosen on the basis of the resolution necessary to
fly the required minimum clearance. The minimum mmber of hits per beam-
width 18 determined by beamwidth and prf. The prf is in turn determined by
the magnetron. The sector coverage (Height and Width) and frame rate are
then the interdependent parameters which may be varied to determine an
optimum compromise for the aircraft under consideratiomn.

The scanning raster is shown in figure B-1. A more meaningful equiva-
lent of frame rate is distance traveled per frame. The time tw required for

one line scan is

Y =§w-§_§-yp—r-f’
W
where
BWW = antenna horizontal beemwidth

The time tH required to scan one raster 1is

b = tw x H NxW=xBH

= »
H BWH BWW x BWB x prf

where

BWH = antemna vertical beamwidth.
If, es in this radsr, the time of one vertical scan = 2 tH to allow 50~
percent vertical overlap of beam to minimige striping, an up and down scan
18 used, and a 10 percent reversal time is required,

then t =2 x 2.2 x tH,
where

t = the time of one complete scan cycle,
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and
_ _ _Yx2x2.2x NxWxH
-’ D=Vt wa X BWH x prf
where

)

D = distance traveled per scan cycle.

V = aircraft velocity.

This equation may be rearranged
Hx W

=BWWxBWprrf
D

T hxNxvV
The indepent parsmeters are:

N (minimum)

prf (determined by the magnetron)
The dependent parameters are:

v (aircraft veriant)

(

B, (norizontal resolution or horizontal clearance varient)
(vertical clearance variant)
Let prf = 1365 cps, N = 2,
Then
wa=1365x3wwx3wH
D 8.8V
ExW

155 x BW., x BW
D

H
v

Thus, when beamwidth and aircraft velocity are known, the quantity

15 equal to a constant and the problem becomes one of finding an
optimum compromise between these parsmeters.

'y

p= 4

6r-20613

Figure B=1. Scanning Raster
A
OONF
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HxW

Assuning wa = By, the ratio )

dependent factors. For a 800-foot-per-second aircraft and a beamwidth of

is plotted in figure B-2 for wvarious

1.75 degrees.

Hx W
D

If a sector 30 x 10 degrees is chosen,

= 0.595 or H x W = 0.595D.

Hx W _30 x 10

D = 5355 = 5.595

= 504 ft.

This is the travel between successive scans at the upper and lower limites of
the scan. This travel decreases to 252 feet at the center of the scan. The
time for a complete vertical scan then is

t = % = gg% = 0.63 second.
The time for one horizontal sweep,

. NxW__ 2x30

W~ PRF x BW _ 1365 x 1.75 =~ 0-025 sec.

or a 40 cps rate.

The horizontal sector coverage i1s fixed by the antenna configuration and
cannot be varied. The actual coverage of the antenna turned out to be 35
degrees. The beamwidth required is a function of the minimum clearance path
to be flown. A beamwidth of 1.75 degrees appeared to be adequate for flights
at a minimum clearance of 150 feet. One beamwidth then equals 45 feet at
0.25 miles (minimum range). Resolution to perhaps 0.5 beamwidth may be
achieved in practice, but resclution to one beamwidth would still be accepta-
ble. In order to use the magnetron without current regulation, 1t is
necessary to use a prf somewhat below the maximum rating to ensure satisfac-
tory magnetron 1ife. A prf of 1365 cps was used. This allows the line
voltage to rise 5 percent above normal without exceeding the maximum average
power rating of the magnetron.

When 35-degree horizontal coverage is substituded for the 30-degree
coverage used in the computation of the horizontal scan rate, the rate
becomes 34.4 cps. A rotary motion at this rate is required to perform the
scan. 2040 rpm or 34 rps was found to be the nearest speed attalnable, using

a standard gear motor. The vertical scan cycle time thus becomes 0.735
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second (scan rate 1.36 cps). The aircraft travel per frame tiﬁe then becomes

294 feet at the vertical center and increases to 588 feet at the upper and

lover limits of the scan.

- To determine the range (distance from object) at which the aireraft must

be steered to maintain minimum clearance, 1t is necessary to determine the

time required to perform the requlsite climb or turn.

Obviously, a finite

delay - reaction or résponse time ~ exists between the time the pilot

determines he must maneuver his aircraft to avold an object and the time that
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action is completed. Under the worst conditions, an object will appear in
the red color band (remge) Just after scanning. The time needed to perform
the requisite climb is then the sum of freme time, pilot's response time,
aircraft response time, and aireraft climb time. Resgponse times of 2 seconds
for the pllot and 1 second for the aircraft appear adequate. It was deter-
mined that the time for a complete scan cycle was 1.18 seconds for the slow

rate and O.T4 seconds at the faster rate. The time lag between the appearance

of an object at the upper 1imit of the display Just after scanning of the area

end the start of the pull-up is therefore the sun of these times or 4.18 and
3.7h geconds with a slow or fast scan respectively.

The time period yet to be considered is the time required to climb over
the obstacle. In this case, it is necessary to specify the type of approach,
the minimum clearbnce, the allowable number of G pull-up, the aircraft speed,
and meximum sustained climb angle.

Tn the normal type of approach, it is desirable to keep the top of any
obstacle under observation, otherwise the extent of the obstacle and the sub-
pequent maneuver necessary to clear it are unknown. In the case of a long
slope or a serles of ridges of increasing height, the picture would be green
to the upper limit of the display, yellow at some lower angle'of elevation,
and red at a still lower point; green indicating oblects 5 degrees above the
flight path, yellow objects up to the flight path, and_red objects that
extend to some point below the flight path. In the case of a turn where an
object in the red range may extend to the top of the display, it is presumed
+that it will have been monitored during the approach, even though off to one
gide of the display centerline.

With the dleplay used, where segments are {dentified by colors, range is
accurately known where the display changes color. Tf red is chosen for the
shortest range, the pilot must steer to keep all red targets below him. It
is desirable to meke the range below which this clearance is meintained the
minimum consistent with safety. This clearance is displayed as an angular
clearence. For a given aircraft and speed, the range for which minimum
angular clearance 1s gteered is a functlon of the number of degrees an
obstacle will be allowed to extend above the flight path in the preceding
range.interval or display color. The minimum.angular clearance is limited
by antepna beamwidth. The shorter the range for which the desired clearance

ie steered, the larger'the clearance angle becomes, and the wider the

38
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permissible beamwidth. For a given beamwldth, the shorter the range at which
clearance is maintained, the smaller the clearance may be.

Two parameters, minimum clearance and maximum engle which an obstecle

~is allowed to extend above the flight path, up to the point where minimum
clearsnce 1s steered for, must be selected on the basis of eipected aircraft
performance. Once these are selected, the range for which minimum clearance
is steered can be determined on the basis of ground speed, maximum number of
g's pull-up, and the maximum constant-speed climbing angle.

It appears -that if the system 1s designed so that the aircraft can clear
an obstacle which extends 5 degrees sbove the flight path at the range where
the image turns red, the aircraft will have a capebility in excess of normal
needs to handle emergency situations as severe as are likely to be encountered.
For purposes of system design, it will be specified that a path of minimm
clearance of 150 feet will be flown and that an obstacle extending to the
upper limit of the display will be allowed to turn red before clearance is
initiated. The aircraft should then be able to clear the obstacle by 150
feet using nominal maneuvers. A l-g pull-up will be specifiéd. One-g
pull-up curves are plotted in figure B-3. A delay of 4.2 geconds for alrcraft
response, pilot response, and the time required to scan one frame is included.
It should be noted that the difference between the freme time for the slow
and fast scan is relatively unimportant compared to the total delay, so the
larger delay 1s used. '

This system is intended for aircraft in the 500- to T00-foot-per-second
class. Curves for these two aircraft speeds are shown along with those of a
1000 foot~per-gecond alrcraft for comperison. To determine where the limlt
of the red range is and thus the range for which minimum clearance must be
steered, proceed as follows. Select some range from the table on figure B-3
and read the corresponding height of an object 5 degrees in height. Add 150

- feet. On the pull-up curve for the proper alrcraft speed, determine if this
eltitude can be attained at the selected range. By a series of trials, the
proper range can be determined. For a 500 foot-per-gecond aircreft, the
limit of the red range should be at point 1 or about 9,500 feet or 1.58
nautical miles, if the maximum susteined climbing angle is 7.5 degrees. The

- maximum sustained climb angle of a glven alrcraft varies with several factors;
in general, it increases with faster aircraft. A comservative value should

be used here to allow a mergin of safety. If an alrcraft 1s already climbing
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at some angle when the need to climb over an obatacle of maximum height above
the flight path arises, this climb angle is then referenced to the previous
climb angle, and the true climb angle is the sum of the two. For a T00-foot-
per-second aircraft, the limit of the red range should be et point 2, or about
8300 feet or 1.4 miles for a maximum sustained climb angle of 15 degrees.

For a 1000-foot-per-second aircraft, the red range limit should be at point

3 or about 2.3 miles, if the maximum sustained climdb angle is 15 degrees. It
should be noted that the 2-g pull-up curve for a 1000-foot-per-second air-
craft 1s almost 1denticel with the 1l-g curve for a T0O-foot-per-second alrcraft.
Thus & red range 1limit of 1.5 miles is adequate for: a 500-foot-per-second

(or 300-knot) aircraft using a l-g pull-up and maximum sustained climb angle

of 7.5 degrees; a T00-foot-per-second (or 420-knot) aircraft using a 1-g
pull-up and maximum sustained climb engle of 15 degrees; and e 1000-foot-per-
second (or 600-knot) aircraft using a 2-g pull-up and 15-degree maximum
sustalned climb angle. This ie the nominal red range limit used in the system,
but it cen be varied from 0.5 to 2.5 miles. ;‘%é
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This redar set has a.minimum range of 0.25 mile. If a path 150 feet
above a flat terrain is to be flown, the terrain will be 5 degrees below the
alrcraft heading and at a range of 1700 feet when it disappears from the
bottom of the image. This is 200 feet before it would disappear 1f 1t were
to fall within the minimum renge. Thus the minimum range is not a limita-
tion, if a clearance of 150 feet is flown.

The yellow range extends from 1.5 to 3 nautical miles. It appeared
desirable to make the yellow range interval short, to increase 1ts signel-to-
noise ratio and consequent reliability. The green range may extend from 3 to

‘lO or 20 nauticel miles, depending on the range switch setting. It is believed
thet the green range will be used more as & short range navigation ald in
selecting a desired approach and that the yellow range will be where the
actusl avoidance maneuvers are performed.

Becauise of the nature of the targets and the near grazing angles
involved in terrain avoidance, the return signals will be smell. In addition,
the C-scope presentation (in color in this system), where noise is integrated
over a long time or range intervel, requires a better signal-to-noise ratio
than a radar system using narrow range gates. Using the low frame rates
required to allow adequate sector coverage and beamwidﬁh, there is little, if
any, scan-to-scan integrations on the display. The small number of hits per
scan required to allow adequate sector coverage and beamwldth permit little
pulse~to-pulse integration on the display. The result is that the smallest
usable signal must be enough above the noise.level to allow the nolse to be
gated out. Under these conditlons, the maximum signal-to-noise ratio is
realized when the energy per pulse or the product of pulse width and peak
pulse power is meximum. This 1s in contrast to a radar set where many pulses
are integrated 1n the dlsplaey with the result of maximum effective signal-
to-noise ratio being achleved when the average power is meximm. Thus for
meximum renge, the maximum pulse width which the magnetron is designed for
should be used. On the other hand, for maeximum sector coverage and frame
rate, the prf should be maximum. These two requiremente are incompatible,
since thelr product is limited by the maximum rating of the magnetron.

The two highest power magnetrpns avallable for Kafband are the MA-207
and the 6799. The MA~207 has a nominal pulse power of 60 kw, a pulse width
of 0.25 microsecond, and a duty factor of 0.0004. The 6799 has a nominal
pulse power of 150 kw, a pulse width of 0.1l microsecond, and a duty factor of
0.0002. The relative range of these magnetrons 1n this system, where each
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return is required to exceed the noise level, may be expressed &s:

R Lf P PW
T 6 6 :
—LE109) / SR(6199) (6199) 150 ki x 0 LuSeC 1 for potnt
(MA-207) p(MA-207) ~"(MA-207) ' targets.

The expression under the radical represents the ratio of the power per pulse.
In a radar system where integration i1s accomplished in the display, the ratio
of the average power would give the relative range. Thie 1s equivalent to
including the ratic of the prf under the radical s a multiplier. Thus under
optimun operating conditions, the maximum range for point targets is equal
for the two magnetrons.

For ares targets,

13&:?.@(.1 = b Fo(ma-207) P¥(ma-207) nzo7
R(6199) Po(6799) T(6799) A(6799)

where A represents the effectlive target area.

) W
h
AR
2]
/AR
cos @

Cr-206/4

Figure B—4. Target Illuminated ot an Angle

Where an area target is illuminated at an angle as in filgure B-4, returns
are recelved simultaneocusly from a range segment

AR=%—CPW,
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where C = velocity of propagation. The actual terget ares which 1s effectlve
B. The area 18
cosf

approximstely & rectangle for & nerrow antenne beamwidth (BW) end hes & wildth

equal to RBW.

in producing the instenteneous signal return has & length

Then,
AR C PW
avea = (RBW) (o) = (R¥) 3cong
and

R B
Ares (MA-20T) (MA-207) ~"(MA=20T)  ppper eliminati

= : ng constants.
Ares (6799) R(6799) TM(6799)

Substituting this value of A into the relative range equation above,

2
R 3/P i
__%Mﬁ-_@l)_ = \/;éMA-QO'?) *—IEW (MA"EOg)] for ares targets.
(6799) p(6799) | (6799)]

Substituting values:

Rlwa-207) _ 3 60 x .252 - 1.35
Rier99) 150 x .1

Thus, 1t is shown that for area targets the MA-20T has greater range.
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APPENDIX C,

REPF.INT OF INSTRUCTION MANUAL FOR

RADAR TERRAIN CLEARANCE SET AN/APQ-82 (XY-1)

This sppendix is an exsct reprint (including pege numbers) of the
Tnetruction Book for the Radar Terrain Clearsnce Set AN/APQ-82 (xy-1), dated

November 1958,
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Instruction Manual

RADAR TERRAIN CLEARANCE SET
AN/APQ-82 (XY-1)

This publication shall not be carried in aircraft on combat missions or when there Is o
reasonable chance of its falling into the hands of an unfriendly nation, unless specifically
avthorized by the Operational Commander.

NOTICE—This document contains information affecting the national de-
fense of the United States within the meaning of the Espionage Laws, Title
18, U. 8. C., Sections 793 and 794. The transmission or the revelation of
its contents in any manner to an unauthorized person is prohibited by law.

WESTINGHOUSE ELECTRIC CORPORATION:
Air Arm Division Baltimore, Md.

CONFIDENTIAL 15 November 1958
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POWER SUPPLY CONTROL MODULATOR POSTAMPLIFIER
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Figure 1=1. Radar Terrain Clearance Set AN/APQ-82 (Xy-1),
Compenents (Part 1)
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1-1
1-2,

INTRODUCTION

SECTION |

GENERAL DESCRIPTION

This manuel describes Radar Terrein Clearsnce Set AN/APQ-82 (XY~1),
employed as an aid 1n low-altltude flight,.
the aircraft's heading 1s displayed on an X-scope in three dimensions, in

Azimuth and elevation

vhat is commonly referred to as & transverse profile.

A sector in space centered sbout

are presented in true perspective, end the third dimension, depth or range,

ig displayed as a variation in color,

An additional display 1s available

in the E-scope, or profilometer, in which the presentation consists of the

range ve elevation profile in the vertical plane of the aircraft's heading,

As an added feature, profile planes can be selected at azimuth angles off

the ailrcraft's heading, enabling exploration in detsil of terrain on either

side. The selected profile is marked by a line on the X-scope to provide for

correlation of the two displays.

1-3.
1"“40

EQUIPMENT SUPPLIED

The equipment supplled and required for operation is shown in
figure 1~1 and listed in table 1-1,

TABLE 1-1

EQUIPMENT SUPPLIED

UNIT PER

OVERALL DIMENSIONS

NAME TYPE DESIGNATION | LENGTH | WIDTH | HEIGHT |WEIGHT
ASSEMBLY 1 Ged ] (ine) (ine) (Ibs),
1 Antenna 25 30 17 38
1 Antenna junction 3 8 10 y
box
1 Receiver- 9-3/k | 11~-1/4| 9-1/2| 32
transmitter
1 Modulator - 8 10 5-1/4k| 13

Approved For Release 2001/08t%8n ﬂAﬁDPﬁZBOOGS?ROOO30003OOQ1-4
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ANTENNA

GP-65880

Figure 1-1. Radar Terrain Clearance Set AN/APQ-82 (XY-1),
Components (Part 2)
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TABLE 1-1 (Centinved)

OVERALL DIMENSIONS
KSNSI;MPBELRY NAME TYPE DESIGRATION LENGTH | WIDTH HEIGHT | WEIGHT

(ins) {In) (ins) (Ib)
1 Postamplifier 7 3 1-1/2| 1
1 Synchronizer 18-1/k | 12 3-1/2| 13
1 E-scope 18-1/h | 12 9-1/h | 26
2 X~scope 8 27 12 33
1 Power supply 14-7/8 | 11-3/8| 14=3/4 | 3h
1 Control. panel 6-3/b 8-1/k| 11-5/8 | 12
1 Set inter~-

connecting cable

1-5. GENERAL CHARACTERISTICS
1-6. The following table 1s a summary of the general operating,
electrical, and mechanical characteristics of the Terrein Clearsnce Radar.

TABLE 1-2
ELECTRICAL AND MECHANICAL CHARACTERISTICS

GEMNERAL OPERATING CHARACTERISTICS

Operating altitude 15,000 £t maximum
Operating temperature -55°C to +55°C (=67°F to +L31°F)
Vibration and shock In accordance with Specification
MIL~-E~5400
ANTENNA

Antenns. beamwidth

Vertical 1.75 deg
Horizontal 1.75 deg
Scan sector
Vertical 10 deg
- Horizontal’ 35 deg
Scan rate
Vertical ‘ _ 0.75 cps, trianguler sweep
Horizontal 21.33 cps, linear sawtooth.sweep

Approved For Release 2001/08(28 nG¥h-BRREAB00657R000300030001-4
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TABLE 1-2 {Contlnued)

TRANSMITTER

Magnetron type

MA-207

Receiver tuning
Iocal-oscillator frequency

Intermediate frequency

Frequency 34,900 £350 mc

Power 70 kv (nominel)

Pulse width 0.25 microsecond

PRF 1365 pulses per Becond
RECEIVER

System nolse figure 13.0 db

Receiver gein 92 db minimum

Receiver i=-f bandwidth 4.5 me

Klystron type Varien VA=9T7

Manual or afec
45 me sbove transmitter
45 me

RANGE GATE AND SENSITIVITY TIME CONTROL

Range gate
Minimum range

Maximum range

STC (sensitivity time control)

0.25 $0.1 nautical mile
10 or 20 nautical miles
Variable amplitude and shape

INDICATOR

Presentation

Cathode=rey tube type
Marks

Azimuth vs elevation in 3 colors

to present range segments
RCA C73703C storage tube
Aircraft's heading, horizontel

reference
1-7, INPUT REQUIREMENTS
1-8. A summaery of the inputs required by the Terrain Clearance Radar
follows:

115 volts, 400 cpe, 3 phase, ¥Y-connected at 7.5 amp
28 volts dc at 2.7 amp

Aireraft's vertical reference, 2 synchro inputs
Hydreaulic fluid at 1000 pel and 0.5 gpm

AMr pressure 40 psig,
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SECTION Il

PRINCIPLES OF OPERATION

2-1. SYSTEM OPERATION

2-2, For purposes of daylight viewing, high brightness is requlred of
the cathode-ray tube used in the X~-scope, Similarly, the slow frame rates
employed in terrain avoidance systems make high image persistence mandatory.
These two characteristics are combined in the storage-type tube used in this
system, The present storage tube has a very limited dynamic range, there

being about a 3-volt grid swing from black to an overdriven condition in

* which the spot is blooming. This 1s an admitted shortcoming of the storage-

type tube which the menufacturers are working on, and they expect to see
improvement within the next year. Because of the limited grild swing, very
little ripple can be tolerated on the X-scope 2000-volt supply or on the
output of the driving amplifiers, For a partlcular setting of the brightness
controls, if this ripple is as much as 1 volt, either the display will be
1imited to the video coincident with the crest of this ripple or the image
will bloom and cause saturation of the screen., Moreover, the video must be
of a constant amplitude to present a display of proper brightness.

2.3, For the red and green dlsplay two images are presented on the
cathode~ray tube, Color filters are used, and an optical sysfem combines
these two images intoc a single image on the viewing screen. From minimum
range to three miles the spot paints a picture on the upper part of the
cathode-ray tube. At the time corresponding to three miles range a voltage
step is appliéd to the vertical deflection plate causing the spot t0 move
down and thus start painting the picture on the lower part of the screen,
The beam is intensity-modulated, so that the spot is visible only when there

‘is a video return from terrain, To achieve a third color, the beam is turned

on so that it 1s visible at the same polint on both images thereby producing

their optical combination on the viewlng screen, On the X-scope the horizontal

Approved For Release 2001/08@§ NE BRESAB00657R000300030001-4
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sweep travel durlng one range sweep is very short, so that turning on the
beam during two adjacent time intervals 1s equivalent to having the spot
painted on both images at the same location. This effect is achleved by
giving all video pulses & standard width equal to the range 1interval during
which it is desired to present both images and thus present a third color on
the viewing screen., This requirement for a standard width, together with
the previously described need for constent video amplitude, means that all
video presented on the X~-scope can be identical end can be generated by a
pulse generating circuit which is triggered by the actusl video, This
standardized video is made 18 microseconds or 1.5 nalitical miles wide, Thus
any return from terrain at a range between 1.5 and 3 miles starts during the
painting of the red imege and lasts into the peinting of the green image,
achleving the desired third color. The 1.5-mile red range, 1.5- to 3-mlle
range, and 3-mile to meximum green range are based on conslderations of
minimum altitude flown, aircraft speed, response time of the pllot-aircraft
combination, maximum desired g's in turning, and maximum sustained climb
angle, They can and should be changed to suit the conditions in the particular
aircraft concerned.
24, Since through the use of standardized video all returns and noise
appear the-same on the X-scope, it is necessary to have a threshold which
prevents noise from triggering the standard video generator. Because any
video return not ebove this threshold level cannot be used, this system in
effect suffers a range reduction over a system in which actual video is used,
' Nevertheless, the range of this system 1s-adequate. The postamplifier gain
and the bias level of the standard video generator both act as threshold.
With receiver bias and STC (sensitivity time control) adjusted to produce
nominal video of around 1.5 volts and with an rms noise level of 0.5 volt,
the standard video generator bias control can be used to vary the threshold
level, Also, a certain amount of threshold effect is obtained by varying
the X-scope brightness control. For a correct presentation, it is necessary
that only the first video retwrn received from a transmitted pulse be allowed
to appear on the screen. The reason, of course, is that if the beam is
partially intercepted by & near (or red) object but also strikes a far (or
green) obstacle, and both returns are presented, the result eppears

erroneously as a yellow or intermediate-range object on the viewing screen.

Approved For Releass200(08(23 : CIA-RDP67B00657R000300030001-4
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25, As previously menfioned, the E-scope presents a vertical profile
plane which i1s normally in the direction of the aircraft's heading but can
be rotated 15 degrees to either side., This presentation is caused to
appear by gating the video on every time the antenna horizontal scen resches
the desired position. Actual video is used in the E-scope. Since range is
the horizontal dimension of the display, the E-scope must be range-gated to
provide the 10~ or 20-mile maximum rangé. (A block diagram of the system
is shown in figure 2-1,)

2-6. DETAILED SYSTEM ANALYSIS

247, In the following paragraphs the functioning of each component of
the radar set is described, Reference should be made to the block diagram
and to the schematics (figures 4-1 through 4-13),

2--8. .. ANTENNA

2-9, The antenna consists of a sectoral horn feediﬁg a paracyl (paraw
bolic-cylinder) reflector. The entire assembly is rocked mechanically by

a hydraulic actuator to achieve the vertlcal scan., A unique method of
folding and rolling up the horn was developed to achieve a rapid sawtooth
horizontal scan, The evolution of thig rolled-up horn is shown in ,
figure 2-2, To feed the horn a rotary joint was developed which requires no
contact between the horn throat and the rotating feed. A pill box 1s used
to direct the energy to the reflector and correct wave~front phasing, For
sensing the scan motion and furnishing & pulse to trigger the indicator
sweeps a magnetic plckup has been placed in the rotary feed, VA'three—gang
potentiometer 1s connected to the antenna so that thelr rotation during

the vertical scan furnishes sweep voltages to the indicators, Reversing
microswitches, actuated by the antenns, can be adjﬁsted to provide the
required 1O-degree scan at a suitable vertical position, The horizontal scan
sector, since it is determined by the horn configuration, cannot be varied,
2--10, ANTENNA JUNCTION BOX

2-11. . The antenna Junction box was originally built as a breadboard unit
for use in the laboratory with the first developmental model of the antenna,
Since the antenna development was terminated at this point, the-antenna
Junction box is included in the system.

212, A schematic of the antenns Junctlon box and the associated controls

on the antenna scanner is shown in figure L-1, During each revolution, the

Approved For Release 2001/08/38, -¢}A:RQPR{B00657R000300030001-4
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magnetic pickup placed 1ln the antenna rotary feed transmits a pulse to multi-
vibrator V4LOOL, Since the pickup pulse 1s broad and irregular, 1f used
directly it could cause multiple triggering of the horizontal sweep circuits
in the indicator. The multivibrator, with its long recovery time, elimlnates
this problem. The leading edge of the pulse from V40Ol triggers blocking
oscillator V4002, which then generates & narrovw output pulse sultable for
transmission through the coaxiel cable to the indicators.

2-13, Upon closure of switch skook, a triggering pulse is transmitted to
blocking oscillator Vk003} Triggering pulses occur each time the antenna
drive actuastor reaches the limit of its stroke. Pulses from V4003 are trans-
mitted to the E~scope, where they are used to initiaste the altitude display
scen. Switches SL003 and S4OOL are positioned to operate at the upper and
lower limits of the hydraulic actuator stroke. When one of these switches
closes, latching reley K00l spplies to the Moog valve a voltage of proper
polarity to reverse the flow of hydraulic fluld to the actuator end thus
reverse the scen., The switches should be set to provide a vertical scan of
10 degrees. The Moog valve 1s of the proportional-control type, having e
very fast action in comparison with ordinary solenoid velves, This fast
action 1s gained by use of a low-inductance winding which requires only &

- emall current (3 or 4 milliamperes) to initiate the response, Hydraulic
regeneration then supplies the power to complete the response, Under con-
ditions of no electrical input, en adjusting screw on the Moog valve can be
used to set the null position of the valve, thus var&ing the rest position

" of the entenns ebout which the scan is performed., Since the 1imit switches
get the 1imits of the scan, the foregoing adjustment does not affect the scan
1imite. However, it is used to adjust for equal speed when scamning up and
down, thus equalizing the dwell time at the limits, Adjustment of RLho22 .
varies the voltaege which is trensmitted to the Moog valve and thus controls
the scen speed,

2-14. Pressure switch SO0l is operated by atmospheric pressure. It 1s
adjusted to turn off the entire set at an altitude of 15,000 feet, thus
protecting it against operation above the maximum altitude for which it was

desligned.
2-15. RECEIVER-TRANSMITTER
2-16. The receiver-transmitter schematic is shown in figure h-2, This

unit consists of the magnetron, magnetron pulse transformer, filament

Approved For Reléaase 2001/0§_I|%§L: CIA-RDP67B00657R000300030001-4
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A, SECTORAL HORN

I.AB DETERMINED BY DESIFED BEAMWIOTH

2.0 DETERMINED BY FEEDHORN PATTERN
AND DESIRED BEAM PATTERN

3 EF DETERMINED BY DESIRED 8CAN SECTOR
EF 1S AN ARG OF A CIRCLE WITH RADIUS €D

EF |5 ALSO THE STRETCHOUT OF A RIGHT
CONE WITH SLANT HEIGHT CD
RADIUS OF THE CONE BASE I8 THUY FIXED
© AND MAY BE COMPUTED
, . y
FEEDHORN

c!

/
-2 db
\\ 6
g B FOLDED BECTORAL HORN
I FOLD ALONG ANY CONVENIENT LINE,BSUCH
AY FG MAKING E FALL ON BF. )
B.GINGE A SECTORAL HORN I8 COMPOSED OF -
PARALLEL PLATES, THE HORN 18 EFFEGTIVELY
FOLDED BY PLACING A BACKWALL Fo
BETWEEN THE PLATES. THE RAY PATHS ARE
-— ,  THUS FOLDED AND THE RAYS REFLECTED
C o FROM FG.

3, LOCATE THE CONE APEX,C'.

ONLY ABFG 18 NECESSARY TO THE ANTENNA
ACTION, EFI 18 THE TRUNCATED SECTION
OF THE CONE REQUIRED. FGH I8 ADDED

¢ FOR BTRUCTURAL REASONS,

. SECTORAL HORN FOLDED AND ROLLED UP,

T areirsee-/

Figure 2—-2, Evolution of Folded and Rolled Up Sectoral Feed Horn
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supplies, keep-alive power supply, duplexer, radar and afc mixer, afc unit, -~
preamplifier, local oscillator, and filtering and metering circuilts. N
2-17. Each time the thyratron is fired, a 0.25-microsecond, high-voltage

pulse from the modulator is applied to the magnetron pulse transformer,

wherein it is stepped up sufficiently to drive the megnetron into oscillation,

The r-f pulses from the magnetron are fed to the antenna through a waveguide

system, which includes a duplexer and a ferrite isolator. During transmission

the TR tube in the duplexer prevents any of the transmitted energy from

entering the receiver circuits, Returning signals, blocked from the trans-

mitting circults by the duplexer ATR tube and the ferrite isolator, are

applied to the radar mixer where they are heterodyned with the constant r-f

output of the local oscillator, The resulting i-f output is emplified in the

1-f preamplifier, and then fed to the i-f output on the receiver-transmitter

unit.

2-18. The radar transmitting oscillator i1s a magnetron tube, type MA207T. ,
Pulse transformer T1202 has bifilar windings, so that the high-voltege pulse ?’
is equally applied to both sides of the magnetron filament (which is con- ’
nected to the cathode), thus preventing burnout of the magnetron filament or A~y
filament transformer., The average magnetron cathode current should be 5 to 7T

me. as indicated by meter M380L on the control panel, set on MAGX10, Filament

voltage for the magnetron is supplied by transformer T1201l. In standby

operation normal filament voltage is 12.6 volts rms, while in the run con-

dition only 8.0 volts rms is needed for proper magnetron operation,

2-19. The r-f transmission lines are hollow, rectangular waveguides, type

RG-96/U, made of coin silver to decreamse losses. They are used to inter-

connect the magnetron, ferrite isolator, duplexer, and antenna as well as

the local oscillator, receiver mixer, afc teke-off, and afc mixer., The r-f

plumbing contains attenuators E1251, E1253, E1256, and E1257; "rat race"

E1254, directional coupler E1265, termination E1264, magnetron sample take-

off E1259, and ferrite ‘isolator E1266, E1257 determines the amplitude of

the transmitted-pulse sample that 1s coupled to the afc balanced mixer Z1801,

E1253 fixes the signal level of the local-oscillator output applied to "rat

race"”" E1254, The low-power termination, E1264, closes the unused arm of

E125L4, The rate race provides isolation between radar mixer Z1LOW and afc

mixer Z180l, and the division of power between these two mixers i1s controlled )

CONFIDENTIAL
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by E1251 and E1256, The portion of the waveguide comnecting the magnetron
through the duplexer to the antenne is preessurized at 32 to 42 psi; a
pressure interlock switch is connected to E1259,

2-20. V1222, the TR tube, receives its keep-alive voltage through dropping
resistors R1221 and R1222 from molded unit Z1221, a nonregulated power

supply rated at 1000 volts, no load,

2-21, The output of loecal oscillator V1223, which 1is & type VA-OT
klystron, is combined in the radar balanced mixer with the received echo
signals to produce the radar intermediate frequency. It is also coup1ed to
the afc baelanced mixer, where it 1s heterodyned with a small sampling of each
transmitted pulse to produce afc i~f signals, These signals are used to com~
pensate for any drift in the magnetron frequency or the local-oscillator fre-
quency, and in so doilng they meintaln correct frequency inputs to the
receiver, , |

2-22, R-F MIXER AND PREAMPLIFIER., The preamplifier schemstic 1s shown in
figure 4-3., The balanced mixer, Z14Ok, is of the rat-race type and is mounted
directly on the preamplifier chassis., The mixer has two waveguide inputs,
consisting of the local-oscillator signal and the returning silgnals through
the antenna and duplexer, To obtain the desired h5-megacycle intermediate
frequency the two inputs are beat together by means of the matched, reversible
palr of crystals, CR140L snd CR1402. Each crystal current is filtered and can |
be monitored by the meter on the control panel. ‘
2-23. The signal is coupled to the grid of V1LOL by means of T1Lk0l1, a
doubled~-tuned, transitionally coupled transformer, designed to step up the
i-f impedance of the crystal to the optimim level for noise figure, as deter-
mined by the type 5718 input triode, V1kol,

2-24, V1401l and V1402 make up the low-noise cascode circuit, the former
being capacitence-neutralized by C1l409, Tik02 is a trifilar interstage
transformer with near-unity coupling, and T1403 and T14O4 are bifilar inter~
stage transformers with unity coupling, T1405 is a bifilar étep-down trans-
former that works into the 9l-ohm impedance of the coaxial cable between the
preamplifier and postam@lifier.

2-25. The preamplifier has an o&erall gein of approximately 54 db and a

' bandwidth of 5.5 me, ‘
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2-26. AUTOMATIC FREQUENCY CONTROL (AFC). The afc schematic 1s shown in -
figure 4-4, The afc chassis consists of a balanced mixer, three pentode

(5840) stagee of i-f amplification, a duo-triode (6112) discriminator, a

differential amplifier (6111), video amplifier (6111), and a diode phantastron

control circuit (5784). The afc provides an automatic adjustment of the

repeller voltage of the klystron, with the result that the frequency of the

klystron is held at 45 mec sbove the megnetron frequency.

2-27. During afc operation, a small sample of each transmitted pulse is

coupled out of a small opening in the waveguide, further attenuated by E1257,

and applied to afc balanced mixer 71801. In the mixer this sample signal

pulse 1s heterodyned with the local-oscillator signal, and the resultant 45-

mc pulsed i-f signel is coupled by input transformer T1801 to the grid of

V1801, the input stage of the afc 1-f amplifier. The afc 1-f signal is

passed through & conventional, staggered, triple amplifier consisting of V1801,

V1802, and V1803, and is then coupled by transformer T1804 to a Welss

diseriminator with triode detectors, Positive-going signals on the grids are

detected, and the resulting negative pulses on the plates are coupled to the

differential emplifier with two sections in parallel, The output of V1806 ~~
is capacitance-coupled to the biasing network of C1813, CR1803, and R1817. “
For positive input pulses the output is a negative voltage proportional to

the emplitude of the input pulses. When this negative voltage is in the

order of 6 volts, V1807 stops sweeping and functions as a d-c amplifier,

with its output coupled through R1819 to the repeller of the local oscillator,

This completes the afc loop.

2-28. The afc crystal currents, which should have & value of 0.1 me, can
be monitored at the control box,

2-29. MODULATOR

2--30. The modulator schematic is shown in figure 4-5, This unit contains

the high-voltage power supply, discharge thyratron V3201, pulse-forming net-
work 73201, thyratron trigger circult, and high-voltage overload clrcuit.
These clrcuits develop high-voltage pulses for application to magnetron
V1201l through pulse transformer T1202 in the r-f head of the receiver-
transmitter unit,

2-31, When the OFF-STBY-RUN switch on the control panel is positioned at
RUN, 115-volt, 400-cps, 3-phase power is applied to the primary of T3201 in

o
-in“r.)
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the modulator high-voltage power supply. This power supply is protected by
overload relay K3202, which has a potentlometer across its coil to give trip-
current adjustment, The output from bridge rectifier CR3201 through CR3230
is applied through charging choke L3201 to pulse forming network 73201, which
is resonant at spproximately 1365 cps. The charge path is completed through
the primary of pulse transformer T1202 in the receiver-transmitter unit. The
30-volt pulse input at J3202 is amplified by V3203 and then applied to the
plate of blocking osecillator V3202, whose 225-volt t:igger output at 1365 pps
is applied to the grid of discharge thyratron V3201, When the thyratron
fires, it short~circults the pulse-forming network, thus causing a high-
amplitude pulse of current to flow through the primery of pulse transformer
T1202, The pulse has a duration of 0,25 microsecond and it develops 3.4 kv
across the primary of T1202 in the receiver-transmitter unit, During the
discharge time of the pulse forming network, charging chéke 13201 presents a
high impedance to the surge current, thereby isolating and protecting the
modulator high-voltage supply. Oscillations are prevented from occurring
during the discharge of pulse forming network Z320L by the inverse dlode
CR3231 through CR3240,

2-32, Premeture operation of modulator thyratron V320l is prevented by
means of a S5-minute delay relay, which retards application of high voltage
until completion of warmup.

2--33, POSTAMPLIFIER AND SENSITIVITY TIME CONTROL (STC) _

2-34, The postamplifier consists of four pentode (6205) i-f stages, a
second detector, and a duo-triode (611l), One half of the duo-triode is a
cathode~follower output stage and the other half is the STC control tube,

The schematic is shown in figure 4-6, The i-f interstage transformers are
bifilar and unity~coupled, in Cambridge shielded forms,

2--35, When the bias control is set for meximum gain, the postamplifier
section has & gain of 38 db minimum, a minimum bandwidth of 6 megacycles, and
s maximum rise time of 0.12 microsecond,

2-36. The i-f input cable from the preamplifier 1s terminated by 91l-ohm
resistor RL60L, The i~f amplifier consists of two staggered pairs. V1602 and
V1603 are gain~controlled at their grids by an adjustable bias and an

' adjustable seﬁsitivity time control (STC) signal that 1s superimposed upon

the blas. The second detector is a silicon crystal, CRL601.
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2-37. The video ocutput from the second detector is coupled to the cathode-
follower output stage, V1605A, which is impedance-matched to the 9l=-ohm
coaxial cable terminated in the synchronizer chassis,

2--38, The STC wave, generated from a positive, 30-volt, l-microsecond
trigger pulse at the pulse repetition frequency, enters the postamplifier on
J1602, R1620 adjusts the amplitude of the STC signal applied to the grids of
V1602 and V1603, while R1621 adjusts the waveshape. R1622 is the bilas
control,

2--39. SYNCHRONIZER

2-40. The synchronizer provides the timed pulses necessary to correlate
and synchronize the various functions of the Terrain Clearance Radar, A
block dilagram of the entire synchronlzer showlng how the individual sections
are combined is shown in figure 2-3.

2--41. This unit employs a transistorized crystal-controlled osclllator
(operating at 81.94 kc $0,012 percent) to trigger blocking oscillator Q601,
vhose output provides markers spaced one nautical mile apart and also furnishes
a trigger to the succeeding transistorized binary stages,

2-42. Reference to figure 2-4 will indicate the combinations of binary
stages (designed with inhibitor feedback) which provide the necessary count-
down sequences to obtain a pretrigger pulse, The pulse frequency is one-
sixtieth of the oscillator frequency, or 1365 pulses per second, Figure 2-5
demonstrates the time sequence of waveforms within the logilc circuits
illustrated in figure 2-4, These waveforms are taken from the collectors of
the various transistors incorporated in the leogic ecircuits,

2-43. Figure 2-6 is a sectional block dlagram indicating delay functions
and trigger pulse cutputs to other units of the system,

244, Figure 2-7 illustrates the delay and gating operations.

2-45, Figure 2-8 is a block diagram of the video emplifiers asnd standard

video generator sectlon.

2-46, As shown in figure 2-6, the pretrigger pulse passes through inverter
V609A and 1s then used to trigger both the prf marker phasing multivibrator
and the range-gate marker phasing multivibrator. The foermer multivibrator
determines the phase reletlonship between the repetitlion-rate pulse output
from prf blocking oscillator V61l and the occurrence of the range-marker

pulses displayed on the E-scope.
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Figure 2-5. Timing Pulse Output, Synchronizer Count Down Circuit

247, The color~switching time multivibrafor, Vél2, is triggered by prf
pulses from blocking oscillator V611, This circuit determines the necessary
delay before triggering the color-switching time blocking oscillator, V613,
Pulses from V613 are used to change display positions on the X-scopes so as
to produce the separate range-indicating colors.

248, Phase relationships between the range gate and the marker pulses
are determined by range-gate marker phasing multivibrator V614, This multi-~
vibrator also starts the sweep gate in the E—scope. |

2-49, Rangg gate delay multivibrator V615 determines the time interval
between the leading edge of the magnetron output pulse and the start of the
range-gate generator, V617. In this circuit strong echoes from close~range
targets are prevented from triggering the standard video circuits, as the
range gate is used to time the video input at video gate V603 (figure 2-8).
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Figure 2—8. Synchronizer Deloy Function Circuits, Block Diagraom
2-50, The "And" circult of V616 is a coincidence amplifier, whose

function is to trigger range gate generator V617,

Triggers are supplied

whenever an altitude displey gate from the E-scope coincides with the end of

the range-gate-marker phasing delay.

By this method the range-gate delay

interval is bypessed and the range gate starts at the same time aB the
magnetron pulse, so that all video returns occurring immediately after the
magnetron pulse can be.presented on the altitude display portion of the E=-

scope.
2-51.
delay, V615.

Range gate generator V617 can also be triggered by the range gate
As explained previously, the range gate controls the time

during which video is permitted to trigger standard video generator V606

(see figure 2-8).
unit,

20

It is further used to stop the sweep gates in the E-scope
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Figure 2—-7. Synchronizer Delay Function, Pulse Timing Diagram

252, The RANGE switch is employed to (a) change the delay time of the
range gate multivibrator, (b) change the gain of the horizontal sweep for the
E~scope, (c¢) select one-mile markers for the 1O-mile range and two-mile
markers for the 20-mlle range, (d) change the'gain of the vertical sweep in
the E-scope, and (e) control the range displayed on the X-scope.

2~53. Figure 2-8 shows the video circuits, The first and second stages,
V601 and V602, amplify the input video by 10 for application to the E-scope
through monitor video output jack J340lk, The amplified signal is élso passed
through threshold control R3405 to video gate tube V603, which is activated
upon arrival of the range gate. The video signals (minus noise which was
removed at the threshold control) are then passed to the third video
amplifier, V604, Cathode follower V605 transmits the video pulses to
standard video inhibitor V608 and also to the E-scope for use 1n the normal
display. '

" 2m54, The standsrd video generator, V606, is a delay multivibrator, An

18-microsecond output pulse (equivalent to 1.5 nautical miles) 1s produced
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Figure 2=8, Synchronizer Yideo Circuits, Block Diagram

each time this circult is triggered by a pulse from stendard video inhibitor
V608. The delay of the standard video inhibitor multivibrator is adjusted
to be greater than the 244 microseconds equivalent to the longer or 20-mile
range. As a result, the standard video generator can be triggered but once
during each range period, a condition to be desired since otherwise a target
echo appearing in the short or red renge could comblne with one appearing

in the long or green range during the same range interval snd thus. produce a
combined or yellow target on the X-scopes, The range information would then
be incorrect, since a red target would be made to appear as if 1t were

farther away, i.e., in the yellow range,

2-.55, Cathode follower V60TA passes the standard video to the E-scope and
through cathode follower V6OTB to the pilot's X-scope.

256, E-SCOPE

2--57. The plug=-in type E-scope unit mounts on top of the synchronizer when

a profilometer display i1s to be added to the system, Figure 2-9 is a block
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diagram of the E~-scope, and figure 2-10 represents a proflle display.
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Figure 2-10. E —Scope, Profile Display
2-58. The E~scope chassis contains two plug-in subassemblies, the vertical
sweep amplifier and horizontal sweep amplifier. Contaeined in the main chassls
is the 5UPT cathode-ray tube and necessary high-voltage power supplies and
filament transformers. Also incorporated 1n this housing are a display switch
and a profile selector, as well as controls for focus, astigmatism, brightness,
horizontal and vertical centering, altitude position, video blas, and vertical
angle data.
2--59, In the vertical sweep amplifier section of flgure 2-9, it can be
seen that the vertical-deflection circuit (V205 through V208) can receive ~
2 CONFIDENTIAL
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three input signals, depending upon the setting of the NOR, VIDEO, C. GATE
switch, When this switch ie in the VIDEO position, a signal 1s received
from monitor video input jack J2209, This signal, originating at the second

state of the video amplifier in the synchronizer unlt, enables the operator

to set the STC shape and amplitude controls and bias controls on the post-~
amplifier unit., |

2--60. When the NOR, VIDEO, C. GATE switch is in the C. GATE (color gate)
position, the color gate pulse 1s dieplayed on the screen, Under these
conditions the operator can adjust the delay of the color switching time
multivibrator in the synchronizer. As this multivibrator is the initial
source of the color gate pulse, a proper delay in reference to the prf can
thus be obtained,

2-61.. When the NOR, VIDEO, C. GATE switch is in the NOR (normal) position,
linear vertical sweep voltages are applied to the deflection circuit, Develop~-
ment of these voltages 1s described in paragraphs 2-65, 2-66, and 2-67.

262, Bistable multivibrator V201, set by the range-gate-marker phasing
pulse from the synchronizer, starts the sweep gate at a time coincident with
the maghetron and marker pulses. The range~gate input from the synchronizer
resets or stops V201, thus terminating the sweep gate. Application of the
sweep gate to bidirectional switch V202A serves to remove the clamping diodes
from vertical sweep generator V202B whenever a sweep gate 1s received,

263, . Vertical sweep generator V202B is an amplifier incorporating an RC
charging path in its grid circuit, the retufn voltage for which 1s determined
by vertical sweep amplifier V203. The input to the latter circuit is taken
from the contact arm of the vertical-angle date potentiometer in the antenna
Jjunction box, Since the contact arm is driven by the antenna vertical
motion the output of V203 is a modulating voltage for the RC charging path,
The result is a sawbooth voltage which rises linearly toward a positive
voltage or falls linearly toward a negative voltage, depending upon whether
the antenns is tilted up or down from the horizontal position, (See

figure 4-1,)

264, The output of V202B is passed to cathode follower "Or" circuit
V204 and then to the deflection circult,

2--65. The horizontal reset pulse from the antenna to J220%, which occurs

each time the antenna beam starts from the left side of the scan sector,
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triggers phantestron circult V209 and V210, A variable delay 1is provided in
this eircult which ranges from the beginning of the horizontal sweep to
within 200 microseconds of the next horlzontal reset pulse, The phantastron

.“
siu)

output triggers profile display gate V211, which generates a 4600-microsecond
gate applied to cathode follower Or circuit V212, Output pulses from the
phantastron also trigger profile mark generator V217, thereby producing a 40-
microsecond gate which 1s passed to snother cathode follower Or cirecuit
(va16).

266, The outputs of the range gate circuit and or Or circult V212 are
connected to And circult V213, This is a coincidence circuit which provides
an output gate equel in width to the range gate whenever both inputs appear
simultaneously. The output of the And circult is used to gate video inverter
V215 and marker inverter V21lk,

2-67, Output pulses from V215 and V21lhk are used to intensity-modulate the
SUPT cathode-ray tube. The gein of video inverter V215 is controlled by
video bias potentiometer R2207. Whenever NOR, VIDEO, C, GATE switch 82201 is
set in the VIDEC or C. GATE position, the video inverter is cut off.

2-68. Unblanking circuit V218 is operative only when S2201 is in the VIDEO o ¥
or C. GATE position., This circuit produces e negative unblanking gate at ’
the cathode of the E-scope (equal in width to the range gete) that makes the
video and color-gate traces visible on the screen,

2-69, The Or circuit of V216 combines standard video signals from the
synchronizer unit with the profile mark received from V217 to produce slgnels
for the navigator's X-scope.

2--70, The altitude display gate obtained from the horizontal sweep
amplifier subchessis 1s applied to Or circuites V212 and V204. The laetter of
these circults applies this gate to the vertical-deflection circuit, where it
is used to move the trace up to the altitude trace line at the proper time.
The altitude display gate also causes Or circuit V212 to pass the gate to
And ecircuit V213, where it performs the same circuilt functions as previously
discussed for the phantastron ecircuit.

2-71, The horizontal-deflection circuit (V507 through V510) is
essentially the same in operation as the vertical-deflection circuit dis-
cussed previously. The input signal is received from bootstrap circuit V506,
which is held disabled by the horizontal-sweep clamp circuit of V505B until ﬂ‘.ﬁ
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released by the sweep-gate input signal, V504B and V505A comprise the

altitude sweep speed~up circuit, which receives an altitude display gate from

cathode follower V504A, The output of this circuit causes the sweep speed

. of the horlzontal sweep generator to increase to approximately 1.25 inches

per microsecond during the time that the altitude displaey gate is recelved,
At the termination of this gate, the sweep speed reverts to the correct value
for the range switch setting.

2~72, A trigger from And circuit V502 causes an altitude display gate to
be generated in V503 whenever & signal is received from both the pretrigger
input and bistable multivibrator V501, This multivibrator is set by the
altitude trigger pulse from the antenna unit, and reseﬁting pulses are pro=
vided by And circuit V502, Accordingly, the altitude display gete occurs at
the prefrigger time, so that all sweeps and gates dependent upon this gate
are readied or in position prior to the time they are used.

2-73, X~SCOPE ' '

2-74, The X~-gcope unit employs a storage-type cathode-ray tube in order
to provide the required brilliance and persistence of display.

2-75,  The presentation is observed through an optical viewer which con-
verts the display to three colors representing three distinet depths or
ranges, An artificial-horizon reticle actuated by the aircraft vertical gyro
is . also incorporated in the optical unit, _

276, . In addition to the storage tube, the X-scope chaesis contains the
necessary high-voltage power supplies and filament trensformers. It also
provides controls for vertical and horizontal centering, video gain, and
display separation, Brightness, focus, collimating, and other controls for’
the viewing end erasing guns of the storage tube are screwdriver adjustments
accessible from the front panel, '
277, Two X-scopes are used in the system, one for the navigstor and the
other for the pilot. The pilot's X~scope is arranged for mounting behind
the‘instrument panel, with the viewlng screen on the optical system
approximately flush with the instrument panel. The VIDEO GAIN control is
bfought out to the instrument panel by means of a flexible shaft, since 1t is
the only control that should be necéssary during flight once the other con-

- trols are adjusted properly.
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278, The vertical-deflection circult for the electrostatically deflected
storage tube consists of tubes V1, V4, V5, V6 and V7 (figure 2-11). It

is a8 direct-coupled feedback amplifier with a gain of approximately 10, and
its output is fed directly to the deflection plates of the storage tube,

V1B, a cathode follower used to provide a centering voltage for the deflection
smplifiers, is controlled by the vertlicel centering knob located on the front
panel.

2-79, V1A is a cathode follower vwhich supplies the deflection circuit
with the signal information received from the vertical angle-potentiometer

in the antenna Junction box., Potentiometer R1, in series with this signal
circuit, is used to adjust the amplitude of the vertical deflectlon on the
X~scope, V1A also recelves a step voltage pulse from the pentode pulse
injector, V3. For the duration of this pulse, the vertical-deflection circuilt
causes & rapid movement of the trace to the upper portion of the X-scope. At
the termination of the pulse the trace 1s returned to the lower portion of
the tube, Bilstable multivibrator V2 develops the pulse and applies it to
pentode pulse injector V3, Pulses begin when the prf is received and termi-
nate upon acquisition of the color gate pulse, Both of these signals
originate in the synchronizer. The traces on the upper portlion of the X-scope
are passed through a red filter to the optical viewer, and traces on the
lower portlon of the X-scope are passed through a green fllter. Consequently,
target indications at short range appear in red and those at a greater range
in green,

- 280, The horizontal-deflection ecircult consisting of tubes V15, V16, V17,
V18, end V19, operates in exactly the same menner as the vertical-deflectlon
circuit described previcusly. V15B is a cethode follower ﬁhich is used to
provide a centering voltage to the direct-coupled deflection circuits. The
other half of this tube, V15A, is & cathode follower that couples'the output
of bootstrap sweep tube V1h to the horizontal-deflection circult. A linear
sawtooth horizontal sweep voltage 1s provided to the horizontal-deflectlion
circuit by the bootstrap. Potentiometer R92 adjusts the amplitude of the
horizontal-deflection on the X-scope.

2-81. Bootstrap reset tube V13 terminates the positive-going sawtooth
wave generated by the bootstrap whenever a horlzontal reset pulse is received

from amplifier V12, This amplifier receives its pulses from the antenna
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Figure 2-11, X~Scope, Block Diagram

CONFIDENTIAL
Approved For Release 2001/08/28 : CIA-RDP67B00657R000300030001-4

Approved For Release 2001/08/28 NI NN IP800657R000300030001-4 Section 11
= i
OPTICAL
VIEWER
1 ! I
ANTENNA VERTIBAL viB |
ANGLE DATA CENTERING | |
v vs | v | vr
wa {
BIENAL | I
l L]
Pu;g;;js;:&nmw 4 mSTABLE | | pENTODE ATORABE TUBE |7
| MULTIVIBRATOR | —#1 PULBE INJELTOR V2001 11
UOLOR BATE PULSE —¢-» va V3 737078
. : I [
) 4 wise I
UENTERING | : |
B VI7| Vi8 ;vm
| .
VEh | o
BIGNAL | L
_ ERABE
BOOTSTRAP BWEEP MULTIVIBRATOR
TIRCUIT V8
vid Roz
BOUTBTRAP RESET +300v
GIROWT RELAY
vi3
: RELAY VIDED
Hnmznpmg:nam AMPLITIER HOLO~DFF AMPLIFIER
Vit vio
"STANDARD VIDED
E7-18490

29



f;;;;;';;;, ;L, 282 10 757 APProved For ReRE2EFZRTMEILB- CIA-RDP67B00657R000300030001-4

Junction unit and passes them to both bootstrap reset tube V13 and relay hold- .
off tube V11. A 300-volt swltching relsy (K1) in the plate circuit of V11 is

held deenergized as long as horizontal reset pulses are received from the

antenna Junction box. If these pulses are misslng, however, the relay becomes

energized and thus removes the positive 300 volts from the storage tube. The

tube then ceases writing, and the storage surface is protected from the

phenomenon known as runaway charging, which might occur with an undeflected

beam,

2. .82. Video amplifier V10 receives standard video pulses from either the

synchronizer or the E-scope unit and amplifies them sufficiently to drive the

writing-gun grid of the storage tube. Another input to V10 is the color gate

pulse (from the synchronizer unit), which is used to blank the video amplifier

while the X-scope trace is being returned from the upper portion to the lower

portion of the tube., By this activity video signals are prevented from being

placed on the storage surface during the color switching transition,

2-83, When the X-scope is to be used as a navigator's indicator, the input

to V10 is obtained from the E-scope. In the E-scope an additional signal called

the profile mark is added to the standard video, in order to enable the g‘!;
navigator to determine which sector of the total field is being displayed on
the E-scope.

2--84, The circuit containing V8 is the erase multivibrator, which produces
pulses that are applied to the storage-grid backing electrode of the storage
tube to maintain continuous erasure of the information stored on the tube.
Controle for repetition rate and amplitude are provided for this circuit in
order that the degree of erasure may be closely controlled and image per=-
sistence regulated,

2-85. POWER SUPPLY

2-86. The power-supply schematic is shown in figure k=11, Primery volt-
ages to this unit are received directly from the aircraft supply. Standby
relay K280l receives both single-phase and three-phase power through the power-
supply fuses, This relay 1s energized by +28-volts from the control panel,
and after a 30-second delay rectifier transformer relay K2802 is energlzed.
2--87. With the closing of the standby relasy, three phase power is supplied
to the modulator, receiver-transmitter, and sll blowers. Also at this time
single-phase power is distributed to all heaters and to the antenna assembly.
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Upon actuation of relay K2802, secondary output voltages are available to the
series regulators and their associated control circﬁits. Simultaneously

with the closing of K2802,\regulated voltages are avallable to the system in |
the following sequence, The -300-volt supply operates immédiately and its
relay K280k closes, thereby permitting the ~150-volt supply to operate and
close K2803, At this time the +400-, +300~, +150~, and 22,5~volt supplies
become operable and complete the voltage requirements of the system. As
stated above, K280k is operated by the -300-volt supply, so that the system

1s protected from loss of blas when the positive voltages are present in the
system. The +400~, #300~-, and #*150-volt supplies receive thelr input voltages
from a three-phase silicon rectifier bridge across the Y-connected secondary
of transformer T280L, ‘

2--88, | The +22,5=volt circuit obtains its input voltage from the +150-volt
regulated supply and its output is taken from the cathode of dual triode
v2807. The grid bias of this cathode follower is determined by a potentiometer
(R2825) in the voltage-divider circult comnected to the ~150-volt regulated
supply. The regulation of the 22,5-volt circuit for transient pulses is
improved by addition of & 2-microfarad capacitor in parallel with the load.
Although the d-c regulation is relatively high, it is entirely satisfactory
for the present load.,

289, The +400-volt circuit contains a 6080 dual triode, V2804, used as a
cathode follower whose plates are connected to the 490-volt output of bridge
rectifier CR2802. Regulation of bias for V280hk is obtained by varying
potentiometer R2810 in the voltage divider circuit connected between the plate
of V2804 and the +300-volt regulated supply, Voltage regulator tube V2803

is placed in parallel with this grid-bias potentiometer in order to remove

the rectifier ripple from the bias circuit. The regulation of the +400-volt
circuit is similar to that of the +22,5-volt cilrcuit.

290, The +300 and =300-volt circuits differ only in that the positive
terminal of the -300~volt supply 1s grounded.
2-91, Feedback amplifier control of these supplies is effected by four

amplifier stages, The first stage is a 6112 triode connected as a
differential amplifier. One grid, the feedback grid, obtalns error signals
from a resistive voltage divider connected across the power-supply output,

A 25~turn wire~wound potentiometer incorporated in this voltage divider is
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used to set the output voltage level of the supply. The remaining grid of the
first stege receives an input or reference signal from a low-temperature-
coefficient Zener reference diode (type 1N430A).

292, The output of the differential emplifier is direct-coupled to the
input of the next stage by means of a Zener diocde in order to minimize signal
coupling losses,

2.-03, The second and third stages are triode-connected 5702 tubes each
with Zener-diode coupling in the outputs and Zener diode blas sources in the
cathode circults.

294, The last stage is a 6112 dual triode connected as a cascode
amplifier. A cascode circult is used because it permits operating the sub-
miniature tube at a lower plate voltege, thus permitting maximum trans-
conductance and widest dynamic range. The grid of the second half is used to
monitor changes in rectifier output voltage due to variations 1in the a-c
supply.

2--95, The output of the last stage in the feedback control circult is
directly comnected to the grids of the 6336A dual triode amplifiers, which
function as cathode followers between the bridge rectifiers and the load,

2-96. Transient response of the circuit is improved by means of a coupling
capacitor connected from the positive terminal of the supply output to the

first grid of the cascode stage.
6

2-97. The d=-c open loop gain is approximately 1 x 10~ and the transient
gain is approximately 400. The overall bandwidth is approximately Loo ke,
298, Temperature effects upon the supplies are virtually eliminated by

méans of individusl ovens which entirely enclose the feedback-amplifier control
circuits and consequently meintain the circuit components at & temperature of
85 #2°C,

299, The +150 and -150-volt supplies are similar to the 300-volt circults
discussed above, differing only in that the last stages in the control circuits
are pentodes rather than cascode-connected triodes, This is feasible because
of the lower plate voltages involved. The regulatlon and ripple of the

supplies are as follows:
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SUPPLY CURRENT FULL LOAD RATINGS (%)
(volts) ' (ma) RIPPLE REGULATION
+400 50 0.03 3.8
+300 800 0.025 10,01
+150 800 0.025 10.01
+22.5 50 0.3 13.3
=150 800 0.025 30.01
~300 200 ' 0.025 10,01
2-+100, CONTROL PANEL
2-101. The 28 volts, dc, and 115 volts, 3 phase, 400 cps for operation of

the system are brought from the aircraft supply directly to the control-
panel fuses, An altitude limit switch in the antenns assembly interlocks
the +28 volts applled to the POWER switch, preventing operation of the system.
above a preset altitude of 15,000 feet,

2102, When the POWER switch is at STBY the standby relays apply three-
phase and single~phase power to the receiver~transmitter, both X-scopes,

the E-scope, and the synchronizer, The standby relays also apply +28 volts
to the synchronizer, snd both X-scopes, and to the power supply for its
standby relay. At the instant the switch is turned to STBY, a 30~second
delay relay in the control panel starts its cycle, in order to allow tube
heaters to warm up before current 1is applied to the power-supply voltage
windings. . At the end of this cycle a holding relay applies +28 volts to the
plate relay in the power supply and to a 5-minute delay relay in the control
panel. At the close of the 5-minute cycle another holding relay applies +28
volts to a segment of the POWER switch, When the.switch is then turned to
RUN, +28 volts ies applied to the modulator run relay and to the RUN lamp on
the control panel. ' '
2«103. The METER SEL switch allows the operator to monitor all d-c supply
voltages, the. afc and receiver crystal currents, and the maghetron current,
in the MAN position the KLYSTRON TUNE switch applies +28 volts to the
klystron relay in the receiver~transmitter. The KLYSTRON TUNE potentiometer
can be varied manually to change thé Klystron voltage., When the switch is
in the AUTO position, however, the +28 volts is taken off the relay and the
potentiomefer has no effect on the klystron tuning,
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2-104, The MOD OVLD indicator lights when the modulator overload relaey
operates., When the button is depressed, +28 volts is applied to the overload
relay reset coill,

2-105. The ATTACK=-ANGLE synchro allows a predetermined setting in degrees
to be applied to the vertical center sbout which the antenna scan is per-

formed, in order to compensate for variation in angle of attack as flight
progresses,
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SECTION tll

PERFORMANCE CHECKS AND ADJUSTMENT PROCEDURES

3-1. PERFORMANCE CHECKS
32, A preliminary performance check of the Terrain Clearance Radar may
be obtained by following the procedures below,
3-3. © SYSTEM CHECK _

a, Turn POWER switch on control panel to STBY, Standby lights
should come on immedistely,

b, Turn METER SEL switch on control panel to =300 volts. After a
30 to kO-second delay from the time the POWER switch is turned to STBY the
meter reading should be 0.8 0,0l ma, indicating a normsl supply voltaée.

c. Rotate METER SEL switch to =150, +22.,5, +150, +300, and +400,

Meter should indicate 0.8 #0.0l ma at each of these positions,

d.  With KLYSTRON TUN switch turned to AUTO, turn METER SEL switch
to AFC XTAL 1 and 2 in turn, Meter indication should fluctuate at a fre~-
quency of 0.5 to 2 cps, indicating that afc 1s searching.

3-4, E-SCOPE CHECK
| a, Turn NOR, VIDEO, C, GATE switch to NOR.

b. Turn the BRIGHT control until range marks appear. A mark
should appear every mile or 2 miles wlth RANGE switch turned to 10 or 20 MI,
respectively. | '

¢, Turn NOR, VIDEQ, C, GATE selector on E-scope to €, GATE, A
positive-going pulse should appear at 3 miles, This ie the differentiated
red range gate, |
3-5, X-SCOPE CHECK ‘ ‘

a, Turn BRIGHINESS control on navigator's X-scope until scanning
raster appears. Raster should Jjust fill frame and should be presented in red

and green, which combine to appear orange, The green may be centered
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vertically with the VERT centering control. The red is then centered with -
SEPARATION control. The HORIZ centerling control centers both the red and
green rasters,

b. Reduce BRIGHTNESS until only a vertical line is visible, This
is the marker which indicates location of E-scope profile being selected,

c. Rotate PROFILE SELECTOR control on E-scope through its range.
This should cause line to move across width of X-scope image.

d. Repeat step a for pilot's X-scope (profile marker is not dis-
played on pilot's X-scope).

3-6. RECEIVER-TRANSMITTER CHECK

a. Turn METER SEL switch to MAG X10 and POWER swltch on control
panel to RUN, The RUN indicator light should come on 5 to 6 minutes from the
time the POWER switch was turned to STBY., When RUN light comes on, meter
should indicate 5 to T ma,

b. Rotate METER SEL switch to AFC XTAL 1 and 2 successively., A
steady meter reading of 0.1 to 0.5 ma should be cbtalned, indicating that afc
has locked on.

¢. Turn METER SEL switch to REC XTAL 1 end 2 successively. A ol
meter reading of 0.1 to 0,6 ma should be obtained.

d. Turn NOR, VIDEO, C, GATE switch on E-scope to VIDEO and adjust
BRIGHT if necessary so that video is visible on E-scope.

e. Turn KLYSTRON TUN selector on control panel to MAN,

f. Adjust KLYSTRON TUNING control for maximum video amplitude,

Z. Turn KLYSTRON TUN selector to AUTO and check to see that video
does not decrease in amplitude, The rms noise level should .be 800 feet on
5000-foot scale, corresponding to 0.5 volt,

h. With POWER switch on control panel turned to STBY, connect
Westinghouse 1JD89L6 Noise Figure Test Set or equivalent to recelver-treansmltter
output and determine receiver noise figure. The value should be no greater
than 13 db.

3-7. OUTPUT CHECK

a. Attech a K -band water load (with a pressurization capability

of 40 pounds and calibrated to 50 watts) through a pressurizing waveguide

section to the receiver-transmitter output.
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b. Through appropriate wavegulde, connect a spectrum analyzer to
- r-f sampling arm E1259,
¢. Turn POWER selector switch to RUN, Water load should indicate
25 4 watts average power. Spectrum should be nearly symmetrical with major
sidelobe but at least 8 db down from main lobe, Main lobe should have a
spectrum width of 10 #2 me, A typical spectrum is shown in figure 3~-1.

i
|
i

Figure 3~1. Magnetron Pulse Output Spectrum

3-8. ANTENNA ALIGNMENT
N’ 3-9, In order to center the scan about the alrcraft's heading or to
ccan some desired area, the antenns must be aligned to correlate its coverage
with the actual terrain coverage, For this'purpose a sighting fixture is
provided, which mounts on the antenna 1in a fixed position. Three front
sights are provided, one for the center and one for each scan limit, These
sights have been adjusted to coincide with the actual antenne sweep, If the
antenna 1s used in a structure which may distort the sweep pattern, the slght
adjustment may be checked as described below, |
NOTE
During the sight adjustment check-
out procedure the horizontal scan
must not be stopped., The vertical
scan mey be stopped if desired.
3-10.  SIGHT ADJUSTMENT CHECK. Proceed as follows:
a. Select a small target for slignment purposes and place radar
set in operation.
-’
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b. While observing X-scope, move antenna horizontally until target
is reduced to one-half its full width. This will result as target disappears
off one side of sweep.

c, Allgn front sight corresponding to this sweep limit with
vertical line in rear sight and with horizontal center of target.

d. Move antenna 1in opposite direction and repeat for other esweep
limit.

e, Adjust center sight midway between sweep limits by measurement
of distances between sights,

3-11. The vertieal adjustment of the sight 1s checked as follows:

a. Set vertical scan sector at 10 degrees by measurement of
vertical motion of antenna and by adjustment of limit switches.

b. Select a small target which can be positioned at either vertical
limit of antenna scan, This i1s accomplished by positioning antennsa mounting
base, or by positioning the aircraft., Target should be lined up horizontally
on scan center,

c. Place radar set in operation and position antennas base so
that target is reduced to one-half i1ts full width, This operation may be
performed either at upper or lower limit of vertical scan,

d. Stop vertical scan by turning off radar and mount sight on
antenna,

e. Position antenna against upper or lower limit and adjust movable
horizontal line on rear sight to line up with horizontal line on center front
sight.

f. AdJust movable horizontal line on rear sight to line up with
horizontal line on center front sight. ©Oteps e and f must be performed with
front sight centered on target.

3-12. ANTENNA SECTOR COVERAGE CHECK. Having adjusted the sights as above,
the sector coverage may be checked by the following procedure.

a. Mount sights on antenna,

b. Locate center and two limits of horizontal scan by looking along
proper sights,

c. Position antenna against upper and lower limits of scan and
sight through vertical sight to locate scan limits.
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3--13. The following procedure is prescribed for alignment of the antenna

with the aircraft 's heading.
a, Align aircraft horizontally with some visual target. Alreraft

must be positioned 5 degrees above target in vertical plane,
b. Position antenna at lower limit of scan,
c. Adjust antenns until crossed lines on rear and front center

sights are centered on target.
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ELECTRICAL PARTS LIST
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QTY
REF DRAWING OR MAJOR
DESIG PER DESCRIPTION MFR. NO, COMPONENT
EQUIP
— ' == =
BLOWERS AND MOTORS -
B1201 1 575ROT5HOL Trans-rec
B1221 1 _5T5ROTSHOL
B2001 2 1 for each X~-scope 575ROT5H0L X-scope
B2201 1 5T5ROTSHOL E-pcope
B2801 1 575ROTSHOL Power
. Supply -
B2802 1 575ROT5HOL
B3201 1 575ROT5HOL Modulatorn
B340O1 1 5T5ROTSHOL Synch-
. : ronizer
|B3801 1 | Synchro Kearfott Co. Inc Control
RS-911-2A Panel
B40O1 1 |Scan motor Slow scan| Globe Ind. Inc. Antenna,
- 33A641-18,78
Faat scan| Globe Ind. Inc.
834121-6
CAPACITORS
ex 2 |22 wur - 300V CML50220T X-scope
sweep smy
c2 2 22 uuf 300V - CML50220J
c3 2 22 yuf 300V CM15C220J
ch 2 1.5-7 uuf CV11A0T0.
C5 2 7-45 uuf CV11A450
cé6 2 1.5-7 uuf CV11A070
cT 2 T-45 uuf CV11A450
c8 2 7-45 uuf Cv11a450
c9 2 100 uuf 300V CM15C101V
|c10 2 .01 uf 500V - CM35E103J
c1l 2 _10.1 uf - 200V CPO9ALECIOLK
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REF QTyY DRAWING OR MAJOR
DESIG EE%?P DESCRIPTION MFR. NO. COMPONENT
. I—
CAPACITORS (Continued)
c12 2 .1 uf 200V CPO9A1EC10kK X-scope
sweep amp
13 2 | .01 uf 500V CM35E103J
Clh 2 |.luf 200V CPO9A1ECLOLK
C15 2 | 100 wuf 300V CML5C101J
c16 2 |.oL uf 500V CM35E103J
cL7 2 0.1 uf 200V CPO9A1EC10LK
C18 2 |.01 uf 500V CM35E103J
C19 2 |.o1uf 500V CM35E103J
C20 2 |.01uf 500V CM35E103J
col 2 | 100 uuf 300V CM15C101J
c22 2 |.01 uf 500V CM35E103J
c23 2 |1uf 200V CPO9ALECLOSK
c2k 2 1 uf 200V CPO9ALEC105K
c25 2 |1.5-7 wuf CV11A070
c26 2 |1.5-7 wuf CV11A0T0
ca7 2 T7-45 uuf CV11ALSO
c28 2 | 7-45 uuf CV11A450
c29 2 |.oLuf 500V CM35E103J
30 2 |10 wf 300V CML5C100J
c31 2 |100 wur 300V CML5C101J
c32 2 |1uf 200V CPO9ALEC105K
c201 1 |100 wuf 300V CML5C101J E-scope
vert amp
c202 1 |100 uuf 300V CM15C101J
0203 1 |22 wf 300V CM15C220J
C20k 1 22 wuf 300V CM15C220J
205 1 |0.1uf 200V CPO9A3EC104K
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Section 1V

~
W |colath
e — -

CAPACITORS (Continued)

_ E-gcope
€206 1 0.47 uf 200V CPOQALECHTUK vert amg
c207 1 0.47 uf 200V . CPO9ALECHTUK
c208 1 10-100 uuf -hoov 1JC779THO2
c209 1 10-100 uuf Loov 1JCTT9THO2
€210 1  |100 wuf 300V CM15C101J
ca11 1 510 uuf 300V CM15C511d
c212 1 0.47 uf 200V CPO9ALECHTHK
€213 1 0.01 uf 300V CM4OEL03J
c21k 1 1000 uuf 300V CM20D102J -

|ceas 1 10 uuf 300V CML5B100K
- © |cz216 1 |10 wur 300V CML5BLOOK
c217 1 2 uf 500V CPOLA1KE105K
c218 1 |2 uf 500V CPOLA1KELO5K
€219 1 1.0 uf 200V CPO9A3EC105K
0220 1 |0.1 uf 200V © CPO9A1EC1O4K
ce21 1 [100 wuf 300V CM15C101T
ca22 1 0.01 uf 600V CPO9A3EF103K
c223 1 22 uuf 300V CM1502é0J
ca2h 1 0.015 uf 600V CPO9A1EE153K
C225 1 100 uuf 300V CM15¢101J
0226 1 |10 wuf 300V CM15B100K
ca27 1 -10.068 uf 200V CPO9A1EC683K
c229 . 1 0.1 uf 200V CPO9ALECIOLK
€230 o1 100 uuf 300V CM15C101J
c231 1 0.01 uf - 600V CPO9A3EF103K
[ca32 1 0.01 uf 600V  CPO9A3EF103K
. €233 1 1000 uuf 300V CM20D102J
- .
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REF QTY DRAVYING OR MAJOR
DESIG E'::EJTP DESCRIPTION MPR. NO. COMPONENT

CAPACITORS {Continued)
ca3L 1 0.01 uf 600V | CPO9A3EF103K E-scope
vert amp

€235 1 0.01 uf 300V CMLOEL03J

c236 1 0.01 uf 300V CMLOE103J

c237 1 620 uuf 300V CM20D621J

c238 1 22 uuf 300V CML5C220J

€239 1 22 yuf 300V CML5C220J

€501 1 1000 uuf 300V CM20D102J E-scope

hor amp.

€502 1 22 uuf 300V CM15C220J

€503 1 22 uuf 300V CM15C220J

C50L 1 22 uuf 300V CM15C220J

€505 1 330 uuf 300V CM15D331J

€506 1 .01 uf 200V CPO9A1EF103K

Cs507 1 1000 uuf 300V CM20D102J

C508 1 22 uuf 300V CM15C220J

C509 1 .068 uf 200V CPO9ALEC683K

€510 1 15 uwuf 300V CM15B150K

cs511 1 0.22 uf 100V CPFO9A1EB22LK

C512 1 0.22 uf Loov CPO9ALEE224K

€513 1 10-100 uuf 500V 1JCTT9THO2

C51k 1 .01 uf Loov CPO9ALEELQ3K

C515 1 10-100 uuf 500V 1JCTT9THO2

C517 1 0.1 uf Loov CPO9ALEE1O4K

C518 1 .01 uf 200V CPO9A1EF103K

C519 1 .01 uf 200V CPO9ALEF103K

€520 1 1.0 uf 200V CPO9A3ECLO5K

C521 1 .1 uf Loov CPO9ALEE1OLK
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Section IV

REF QTy DRAWING OR MAJOR
DESIG PER DESCRIPTION MFR. NO, COMPONENT
EQUIP
B CAPACITORS (Continued)
c522 1 .1 uf Loov CPO9ALEE104K E-scope
hor - amp|
C601 1 .01 uf 100V ' CFO9A3EB1O3K Synch-
ronlzer
c602 1 5100 uuf 500V CM35E512J
€603 1 |1000 uuf 300V CM20D102J
C60k 1 |510 wuf 300V CML5C511T
C605 1 1000 uuf 300V CM20J102J
C606 1 0.1 uf 100V CPO9A3EBI1O4K
Cc607 1 100 wuf 300V CM15C101J
jceo8 1 100 uuf 300V - CM15C101J
C609 1 100 uuf 300V CM15C101J
C610 1 100 uuf 300V CM15C101J
C611 1 150 uuf 300V CM15C151J
c612 1 |1000 uuf 300V CM2OD102T
C613 1 .01 uf 100V CPO9A3EB103K
cé1h 1 100 uuf 300V CML5C101J
C615 1 100 uuf "300V CM15C101J .
C616 1 1000 uuf 300V CM20D102J
CoL1T 1 100 uuf 300V CM15C101T
c618 1 100 uwuf 300V CM15C101T
c619 1 100 uuf" 300V CM15C101J
€620 1 100 uuf 300V CM15C101J
c621 1 1000 uuf 300V CM20D102J
c622 o1 100 uuf 300V CM15C101J
c623 1 100 wuf - 300V CM15C10LJ
{c62y 1 |100 wuf 300V “CML5C101F
c625 1 100 uuf 300V -

CM15C101J
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REF Qry DRAVING OR MAJOR
DESIG E%E?P DESCRIPTION MER, NO, COMPONENT
CAPACITORS (Continued)
c626 1 1000 uuf 300V CM20D102J Synch-
ronizer
c627 1 100 uuf 300V CM15C101J
C628 1 100 uuf 300V CM15C101J
€629 1 100 uwuf 300V CM15C101J
C630 1 100 uuf 300V CM15C101J
€631 1 1000 uuf 300V CM30D102J
c632 1 100 uuf 300V CM15C101J
€633 1 100 uuf 300V CM15C101J
c63L 1 100 uuf 300V CM15C101J
C635 1 100 uuf 300V CML5C101J
C636 1 1000 uuf 300V CM20D102J
C637 1 100 uuf 300V CM15C101J
c638 1 150 uuf 300V CML5C151J
C639 1 100 uuf 300V CM15C101J
c640 1 100 uuf 300V CM15C101J
céhl 1 1000 uuf 300V CM20D102J
colh2 1 100 uuf 300V CM15C101J
06h3 1 100 uuf 300V CM15C101J
celk 1 1000 uuf 300V CM20D102J
c6ls 1 1000 uuf 300V CM20D102J
ceL6 1 100 uuf 300V CM15C101J
celT 1 0.1 uf 100V CFO9A3EBLOLK
cels 1 5100 uuf 500V CM35ES512J
c6k9 1 5100 uuf 500V CM35E512J
c650 1 510 uuf 300V CM15C511J
Cc651 1 0.1 uf 200V CPO9A3EC10LK
C652 1 0.1 uf 200V CPO9A3EC1OLK
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Saction IV

REF QTY DRAVING OR MAJOR
DESIG PER DESCRIPTION MFR. NO, COMPONENT
EQUIP
CAPACITORS (Continued)
Synch-
C653 1 0.1 uf 100V CPO9A3EBLOLK ronizer
C654 1 0.1 uf 200V CPO9A3ECLOLK
C655 1 5100 uuf 500V CM35E512J
C656 1 0.1 uf 200V CPO9A3EC104K
ce57 1 0.1 uf 200V CPO9A3EC104K
658 1 0.1 uf 200V CPO9A3ECL1O4K
C659 1 5100 uuf 500V CM35E512J
C660 1 0.1 uf 100V CPO9A3EBIOLK
C661 1 0.1 uf 200V CPO9A3EC1OLK
C662 1 5100 uuf 500V CM35E512J
C663 1 22 yuf 300V CM15C220J
C66k 1 .01 uf 100V CPO9A1EBLO3K
c665 1 .01 uf 100V CPO9ALEBLO3K
C666 1 100 uuf 300V CM15C10LJ
c66T 1 22 yuf 300V - OM15C220J
C668 1 3300 uuf 300V CM30E332J
o669 1 |100 uuf 300V CML5C101T
c670 1 |22 uuf 300V CM15C220J
c671 1 |5 wuf 300V CML5C050F
ceT2 1 270 uuf - 300V CML5C271J
C673 1 100 uuf 300V CM15C10LJ
C6Th 1 330 uuf 300V CM15C331J
Cé75 1 220 uuf 300V CM15C221J
ceT6 1 0.1 uf 200V CPO9A3EC1OLK
CoTT o 0.1 uf 100V CPO9A3EB1O4K
{cé678 1 1000 uuf 300V CM20D102J
Cc679 1 |22 uuf 300V | CM15C220F
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nZi rc E%%P DESCRIPTION Dm‘;'.ﬂr?o?a com:)::m
CAPACITORS (Continued)
C680 1 |620 uuf 300V | CM20D621J Synch-
ronlzer
c681 1 220 uuf 300V CM15C221J
c682 1 0.1 uf 200V CPO9A3EC1OLK
C683 1 0.1 uf 100V CPO9A3EBIOLK
C684 1 100 uuf 300V CM15C101J
c685 1 22 uuf 300V CM15C220J
C686 1 330 uuf 300V CM15C331J
c687 1 100 uuf 300V CM15C101J
c688 1 22 uuf 300V CM15C220J
689 1 180 uuf 300V CM15C181J
C690 1 56 uuf 300V CM15C560J
C691 1 2200 uuf 300V CM30E222J
C693 1 .01 uf 100V CPO9A3EB103K
Co9k 1 100 uuf 300V CM15C101J
C695 1 .01 uf 600V CPO9A3EF103K
C696 1 0.1 uf 200V CPO9A1EC10LK
c697 1 100 uuf 300V CML5C10LJ
c698 1 22 wuf 300V CM15C220J
€699 1 8200 uwuf 300V CM35E822G
c701 1 100 uuf 300V CM15C101J
c702 1 100 uuf 300V CM15C101J
C703 1 |100 uuf 300V CM15C101J
c7oL 1 100 uuf 300V CML5C101J
C705 1 1000 uuf 300V CM20D102J
C706 1 100 uuf 300V CM15C101J
c707 1 100 uuf 300V CM15C101J
c708 1 .01 uf 100V CFO9A3EB103K
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Section IV

REF QTy DRAWING OR MAJOR
DESIG PER DESCRIPTION MFR. NO. COMPONENT
EQUIP
e
CAPACITORS (Continued)
CT709 1 100 uuf 300V CM15C101J Synch-
ronlzer
¢1201 1 1 uf Loov 1JCLTHEH3T Trans-
mitter
recelver
c1202 1 1 uf Loov 1JCLTL6H3T
1203 1 A7 uf Lhoov CPO9A1EBUTUK
Cc1223 1 .01 uf Loov CPO9ALEE103K
c122h 1 .01 uf 100V CPO9A1EB1O3K
01225 1 .01 uf 100V CPO9ALEB103K
c1227 1 .01 uf 100V CPO9ALEBLO3K
1228 1 .01 uf 100V CPO9ALEB1O3K
c1ko1 1 .001 uf 200V Allen
' Bradley | Type SOB Freamp
Cclho2 1 .001 uf 200V Allen
Bradley | Type SOB
c1403 1 .00L uf 200V Allen
- Bradley | Type SOB
c1kok 1 .001 uf 200V Allen
Bradley | Type SOB
1405 1 .00L uf 500V CK61Y1027
Cc1L406 1 .00L uf 500V CK61Y1027
c14o7 1 7-45 uuf 500V Cv1lchso
c1408 1 .001 uf 200V 2JC2701HOL
C1409 1 |1.8 wuf 500V 575R343H01
c1kio- 1 .001 uf 200V 2JC2701HOL
C1411 1 .00L uf 200V 2JC2701HO1
c1k12 1 .001 uf 200V 2JC2T701HOL
Cc1413 1 .001 uf 200V 2JC2701HOL
CONFIDENTIAL 49

Approved For Release 2001/08/28 : CIA-RDP67B00657R000300030001-4



Section IV Approved For ReEfM 2RFYI AL ciA-RDP67B00657R000300030001-4

REF QTY DRAWING OR MAJOR
oesic | RER DESCRIPTION MFR, NO. COMPONENT
CAPACITORS (Continued)
cihib 1 .001 uf 200V 2JC2T01HOL Preamp
c1h1s 1 .001 uf 200V 2JC2701HOL
C1416 1 470 uuf 500V 2JC2T01HO2
ciki7 1 .001 uf 200V 2JC2T01HO1
Cc1418 1 .001 uf 200V 2JC2701HOL
Cik19 1 470 wuf 500V 2JC2701HO2
c1k20 1 .001 uf 200V 2JC2701HOL
C1lk2l 1 .001 uf 200V 2JC2701HO1
C1lh22 1 .001 uf 200V | 2JC2701HOL
C1k23 1 .001 uf 200V 2JC2701HO1
Ccih2k 1 .001 uf 200V 2JC2T01HOL
C1601 1 .001 uf 200V 2JC2701HO1 Postemp
c602 |1 |680 uuf 500V 2JC2701HO2 |
C1603 1 .001 200V 2JC2701HOL
C1604 1 680 uuf 500V 2JC2T01HO2
C1605 1 .001 uf 200V 2JC2701HOL
C1606 1 680 uuf 500V 2JC2701HO2
C1607 1 .001 uf 200V 2JC2701HOL
C1608 1 680 uuf 500V 2JC2701HO2
C1609 1 .001 uf 200V 2JC2701HOL
C1610 1 680 uuf 500V 2JC2T01HO2
C1611 1 680 uuf 500V 2JC2701HO2
c1612 1 .001 uf 200V 2JC2T701HO1
C1613 1 .001 uf 200V 2JC2701HO01
C161k4 1 680 uuf 500V 2JC2702H02
C1615 1 .001 uf 200V 2JC2T01HOL
C1616 1 7 uuf 200V CC20CGOTOD
Cc1617 1 .001 uf 200V 2JC2701H01
50
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Section |V
comPveT
.
CAPACITORS (Continued)
C1618 1 {.001 uf 500V 27c2khhBoL Postemp
1619 1 300 uuf 500V .CM15C301J
C1620 1 .001 uf 200V 2JC2701HOL
C1621 1 .001 uf 200V 2JC2701HOL
c1622 1 .001 uf 200V 2JC2701HOL
1623 1 .001 uf 200V 2JC2T01HOL
c1é62h 1 .001 uf 200V 2JC2T01HOL
C1h2s 1 .068 uf 200V CPO9A3ECH83K
01626 1 .068 uf 200V CPO9A3EC683K
7 ¢1801 1  |l.5-12 wuf 200V 1JC81T9HOL AFC-IF
.’ €1802 1 1.5-12 uuf 200V 1JCBL79HOL
01803 1 .001 uf 200V CB21QX102K
C180k 1 .001 uf 200V CB21QX102K
01805 1 .001 uf 200V CB21QX102K
€1806 | 1 |7 wuf 200V | CC20CHOTOD
c1807 1 30 uuf 200V CC20RH300J
1808 1 .001 uf 300V CB21QX102K
€1809 1 .001 uf 300V CB21QX102K
€1810 1 (120 uuf 200V CC25CH121D
C1811 1 | 100 wuf 200V CC25CHLO1D
€1812 1 L0047 uf 500V CK62YLT2Z
€1813 1 {.0L uf 500V CK63Y1037Z
€181k 1 200 uuf 300V CM15C201J
C1815 1 .Q01 uf Loov CK61Y102Z
C1816 1 L00LT uf 500V CK62YLT727
|c1818 1 .01 uf 500V  CK63Y103%
C1819 1 .01 uf 100V CPO9ALKB1O3K
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RER QTyY DRAWING OR MAJOR
DESIG EE%lI!P DESCRIPTION MFR. NO. COMPONENT
=t === —— =
CAPACITORS (Continued)
1820 1 .001 uf 200V 2JC2T701HOL AFC-IF
c1821 1 .001 uf 200V CB21QX102K
c1822 1 .001 uf 200V CB21QX102K
01823 1 .001 uf 200V CB21QX102K
C1824 1 001 uf 200V CB21QX102K
01825 1 .001 uf 200V 2JC2701HOL
1826 1 .001 uf 200V 2JC2701HOL
£1827 1 .001 uf 200V CB21QX102K
£1828 1 001 uf 200V 2JC2701HO1
01829 1 .001 uf 200V 2JC2T01HO1
01830 1 .001 uf 200V CB21QX102K N
01831 1 .001 uf 200V CB21QX102K
01832 1 .001 uf 200V CB21QX102K
1833 1 .001 uf 200V 2JC2701HOL
1834 1 .001 uf 200V CB21QX102K
C2001 2 .01 uf 3000V 2JC2383H17 X-scope
02002 2 1 uf 200V CPO9A3EC105K
C2003 2 1 uf Loov CPO9ALKELOSK
02004 2 1 uf 200V CPO9A1EC105K
2201 1 .01 uf 3000V 2JC2383H17 E-scope
£2801 1 2 uf Loov 1JCLB825H9T Power
supply
c2802 1 2 uf Loov 1JCLB825H9T7
2803 1 2 uf Loov 1JC4825H97
C280k4 1 2 uf Loov 1JCh825H97
2805 1 2 uf Loov 1JCU825H97
£2806 1 0.1 uf Loov | CPO9A1EE104K
02807 1 0.1 uf Loov CPO9ALEE1OLK =
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Section |V
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REF ary DRAWING OR MAJOR
DESIG PER DESCRIPTION MFR. NO, COMPONENT
EQUIP
CAPACITORS (Continued)
2808 1 0.1 uf Loov CPO9ALEE1OLK Power
supply
2809 0.1 uf Loov CPO9AIEE104K
¢2810 10 uf 600V Gudeman No.
XHF17576
c2811 1 10 uf 600V Gudeman No.
XHF17576
c2812 1 10 uf 600V Gudemen No. XHFL7576
ca813 1 10 uf 600V Gudeman No. XHFL1T7576
Cc281k4 1 10 uf 600V Gudeman No. XHF17576
3201 1 0.1 uf 5000V AMP No. PS3951A . Modula-
tor
C3202 1 1 uf 100V CPO9A1EBLOSK
€3203 1 A7 uf Loov CPO9ALEELTHK
C3204 1 500 wuf 2500V CM45B511T
€3205 1 | 3900 uuf 300V ,CM35B392J
3206 1 .1 uf hoov CPO9A1EEIOLK
C3207 1 150 uf 30V 1JCh817HOL
03208 1 | .01 uf 100V CPO9AIEB1O3K
C3209 1 .01 uf 200V - CPO9ALEC103K
€3210 1 .0033 uf Loov CPO9A1EE332K
C3211 1 LOLT uf 100V CPO9ALEBLT3K
C3801 1 .001 uf 500V CY20C102K Control
[ panel
3802 1 .001 uf 500V CY20C102K
3803 1 .001 uf 500V CY20C102K
03804 1 .001 uf 500V CY20C102K
3805 1 .001 uf 500V CY20C102K
C3806 1 .00L uf 500V CY20C102K
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REFR QTY DRAWING OR MAJOR
DESIG EE%‘I!P DESCRIPTION MFR. NO. COMPONENT
p— == |
CAPACITORS (Continued)
c3807 1 .001 uf 500V CY20C102K Control
panel
¢3808 1 .001 uf 500V CY20C102K
€3809 1 .001 uf 500V CY20C102K
c3810 1 .001 uf 500V CY20C102K
c3811 1 001 uf 500V CY20C102K
3812 1 | .o0L ur 500V | CY20C102K
03813 1 .001 uf 500V CY20C102K
C3814 1 .001 uf 500V CY20C102K
c3815 1 .001 uf 500V CY20C102K
c3816 1 .001 uf 500V CY20C102K
3817 1 .001 uf 500V CY20C102K
c3818 1 .001 uf 500V CY20C102K
c3819 1 .001 uf 500V CY20C102K
03820 1 .001 uf 500V CY20C102K
cL001 1 | 1000 uuf 300V CM20D102J Antenna
Jet. box
clhoo2 1 .01 uf 100V CPO9ALEB1O3K
cLoo3 1 | 1000 uuf 300V CM20D102J
chook 1 |1uf 200V CPO9AL1EC105K
ch005 1 .1 uf 200V CPO9A3EC1OLK
cho06 1 .1 uf 200V CPOSA3ECLOLK
ckoo7 1 | 1000 uuf 300V CM20D102J
cLoo8 1 |1uf 200V CPO9A1ECL05K Antenna
cLoog 1 |1uf 200V CPO9A1EC105K Antenna
cL010 1 |1uf 200V CPO9A1EC105K Antenna
Jet. box
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cotan
DIODES
CR1 2 | 1weid 13CT875HLE X-scope
sweep
amp
CR2 2 1N21k 1JCT7875H16
CR5 2 1N200 1JCT7875H02
CR6 2 |" 1N200 1JC7875H02
CRT 2 1N221 1JC7875H25
CR8 2 1N210 1JCT78T75H12
“|cro 2 1N210 1JCT8T5H12
CR201 1 | 1weik 1JC7875H16 E-scope
vert amp
CR202 1 | 1meid 1JCT875HL6 |
CR203 1 1N210 1JCT7875H12
CR204 1 1N210 1JCT875H12
CR205 1 1N210 - 1JC7875H12
CR206 1 | 1we1wo 1JCT8T5HL2
CR20T 1 11218 1JCT7875H22
CR208 1 1218 1JC7875H22
CR209 1 1N218 1JCT875H22
CR210 1 18210 1JCT875H12
CR211 1 1N210 1JC78T75H12
CR212 1 | 1weod LICT875H06
CR213 1 1N20L 1JCT7875H06
CR21k4 1 1N210 1JC7875H12
CR215 . 1 1N210 1JCT8T75H12
CR216 1 1N210 1JC7875H12
CR501 1 1N210 1JCT8T75H12 E-scope
hor amp
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REE QTY DRAWING OR MAJOR
pEsic | PER DESCRIPTION MFR. NO. COMPONENT
DIODES (Continued)
CR502 1 | 1n218 1JCT8T5H22 E-scope
hor amp

CR503 1 1N218 1JC7875H22

CR504 1 1N206 1JCT7875H08

CR505 1 1N210 1JC7875H12

CR506 1 IN21h 1JC7875H16

CR507 1 1N21L 1JCT875H16

CR508 1 IN21L 1JCT875H16

CR509 1 IN21k 1JC7875SH16

CR510 1 IN21h 1JCT875H16

CR601 1 1N206 1JCT7875H08 Synch-

CRE02 ronlzer
thru lea] 1N20L 1JCT875H06

CR621}

CR622 1 1N210 1JCT7875H12

CR623 1 1N200 1JCT7875H02

CR624 1 1N206 1JCT7875H08

CR627 1 1N210 1JC7875H12

CR628 1 1N218 1JCT875H22

CR629 1 1N218 1JC7875H22

CR630 1 1N218 1JCT7875H22

CR631 1 1N218 1JC7875H22

CR632 1 1N210 1JC7875H12

CR633 1 1N210 1JCT8TSHL12

CR634 1 1N214 1JCT875H16

CR635 1 1N21L 1JCT875H16

CR636 1 1N210 1JCT875H12

CR637 1 1N204 1JCT8T5H06

CR638 1 1N2Qk 1JCT8TSHOG
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Section IV

REF QTYy DRAVING OR MAJOR
DESIG PER _DESCRIPTION MFR. NO, COMPONENT
EQUIP
: .
DIODES (Continued)
CR639 1 | 1m210 1JC7875H12 Synch-
ronlzer
CR64O 1 1N20kh 1JCT7875H06
CR64L 1 1N204 1JCT875H06
CR642 1 1N206 1JCT875HO8
CR643 1 1N206 1JCT7875H08
CR6L4Y 1 1N206 1JCT7875H08
CR1221 1 2JC2806H0T Trans-red
CBlhOl} L Matched reversed pair LN53ER Preamp
CR1402 1 1N53ER
CRL601 1 2JC2TL9HOL Postamp
CR1602 1 2JC2719H01
CR1603 1 1JCT87THLO
CR160h4 1 1JC78T7THLO
CRI80L | 1 | D938M - D938M AFC- IF
CR1802 1 D938M D938M
CR1803 1 2JC2806H06
CR2001 2 1N218 1LJCT8T5HS2 X-scope
CR2201 1 1N218 1JCT875H22 E-scope
CR2202 1 1N218 1JC7875H22
CR2203 1 | 1ve18 1JCT875H22
CR2801 1 | Rectifier assy Gen Elec L JAL11CF2ADL Power
) supply
CR2802 1 | Rectifier assy Gen Elec LJAML1CF2ADL '
CR2803 1 | Rectifier assy Gen Elec 4JAML11CF1AD1L
|CR2804 1 Rectifier assy Gen Elec LJA411CF1ADL
1CrR2805 1 Rectifier assy Gen Elec 4JAK11CF2ADL
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o | 0% e comimn
DIODES (Continued)

CR2806 1 1N4304 CR2806 thru 1N430A Power
CR2833 are supply
Hoffman Elec
diodes

CR2807 1 ZAG0-2 ZA60-2

CR2808 1 | ZA10-2 ZA10-2

CR2809 1 | ZA60-2 ZAG0O-2

CR2810 1 | zAa10-2 ZA10-2

CR2811 1 | ZA60-2 ZA60-2

CR2812 1 | ZAl0-2 ZA10-2

CR2813 1 | 1m4304 1NL430A

CR2814 1 | ZA60-2 ZA60-2

CR2815 1 | ZA10-2 ZA10-2

CR2816 1 ZA60-2 ZAG0-2

CR2817 1 | zA10-2 ZA10-2

CR2818 1 ZA60-2 ZA60-2

CR2819 1 | ZA10-2 ZA10-2

CR2820 1 1N430A 1NL30A

CR2821 1 ZAG0-2 ZA60-2

CR2822 1 | zal0-2 ZA10-2

CR2823 1 ZA60-2 ZA60-2

CR2824 1 | zA10-2 ZA10-2

CR2825 1 ZABO-2 ZA60-2

CR2826 1 | za10-2 ZA10-2

CR2827 1 | 1mb30A 1NL30A

CR2828 1 ZAG0-2 ZA60-2

CR2829 1 | zalo-2 ZA10-2

CR2830 1 ZA60-2 ZA60-2

CR2831 1 | 7a10-2 ZA10-2
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v qry . : DRAWING OR MAJOR
o'é'ifo PER _DESCRIPTION 'MER. NO, COMPONENT
EQUIP .
DIODES (Continued)
CR2832 | 1 ZA60-2 Hoffmsn Elec.| ZA60-2 Power
: o supply
CReB33 | 1 | ZA10-2 Hoffman Flec.| ZA10-2
CR3201
thru 30 2JC3281H02 Modula-
CR3230, tor
CR3231
thru 10 2JC3281H02
CR3240
CR4OOL 1 1N206 1JCT8T5H08 Antenna,
CRrRLO02 1 1N206 1JCT8T75H08
CRL003 1 1N21L 1JCT8T5H16 Antenna
Jjet box
CRhOOL | 1 1N21h 1JCT875HL6
| cr4OOS 1 1N21h 1JCT875HL6
LAMPS.
DS2201 i Lamp ~ AN3140-327 E-scope
D32202 1 © AN3140-327
DS2203 | 1 AN3140-327
DS220k 1 AN3140-327
DS2205 1 AN3140-327
DS2206 | 1 AN31k0-327
Ds3401 1 MS25237-327 Synch-
ronizer
DS3801 1 - AN31L40-327 Control
panel
DS3802 1 AN3140-327
1DS3803 1 AN3140~327
DS380k AN3140-327
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RER QTY DRAWING OR MAJOR
DESIG PER DESCRIPTION MPR, NO. COMPONENT
EQUIP
——
LAMPs  (Continued)
DS3805 1 AN31L0-327 Control
panel
DS3806 1 AN31L0-327
PANEL LIGHTS
XDs2201)| 6 Dialco TTS5-5030-B7 E-scope
thru
XDS2206
XDS3401 | 1 Dialco TT55A-5030-B7 Synch-
ronizer
XDS3801
thru 5 Dialco TT55-5030-B7 Control
XDs3805 panel
XDS3806 | 1 See note 3 on Dwg. No.
TO3R156
R-F PLUMBING
E1251 1 Attenuator LO6RYS53G01 Trans-rec
E1252 1 Waveguide assy. LO6R455G01
E1253 1 Attenuator 306R420G01
E1254 1 Rat race Microwave Assoc. Model
MA538-B
E1256 1 Attenuator LO6R452G01
E1257 1 Attenuator LO6RUL1GOL
E1258 1 Waveguide assy. LO6RE3TGOL
E1259 1 Attenuator take-off and L4O6RU3LGOL
pressure fitting
E1260 1 Waveguide assy. LO6RY28GO1
E1261 1 Wavegulde assy. 306R408G01
E1262 1 Wavegulide assy. LO6RUL5G0L
E1263 1 Wavegulde assy. 306R412G0L
60
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Section |V
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REF QTY DRAWING OR. MAJOR
pesic | PER  DESCRIPTION MFR. NO. COMPONENT
EQUIP
R-F PLUMBING (Continued)
E1264 1 Low-power ‘bermination Microwave Assoc. Model |Trans-red
540-A
E1265 1 Directional coupler 1036W9
E1266 1 Load isolator Cascade Res Corp
KA131
FUSES
F2801 2 1A MS90078-9-1 Power
supply
F2802 2 .125A MS900T78~4-1 '
F2803 2 1A - MS90078-9-1
F280h4 2 .T5A MS90078-8-1
F2805 2 .375A MS900T78-6-1
F2806 2 .1254 MS90078-9-1
F2807 1 6A MS90078-15-1
F2808. 1 6A 'M390078~15-1
F2809 1 6A MS90078-15-1
F2810 1 2A MS90078-11-1
F3801 2 3A MS90078-12-1 Control
. panel
F3802 2 3A MS90078-12-1
73803 2 3A MS90078-12-1
F3804 2 8A MS90079-4-1
F3805 2 5A MS90078-14-1
FUSE HOLDERS
XF2801
| thru 10 5T5R143HOL Power
XF2810 supply
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RER Qry DRAWING OR MAJOR
DESIG PER DESCRIPTION MFR, HO. COMPONENT
EQUIP
— ]
FUSE HOLDERS (Continued)
XF3801 1 Fuse Ind. Corp. Control
IND-300-A-white panel
Xr3802 1 IND-300-A-~-white
XF3803 1 IND-300-A-white
XF3804 1 IND-300-A-white
XF3805 1 IND=-300~A-red
CONNECTOR8, RECEPTACLE
J1 2 1JC7836H01 X-scope
sWeep &
J2 2 1JA4821H03
J3 2 1JA4821H03
Jh 2 Winchester PM1S
J5 2 Coax Microdot Inc 31-52
J6 2 Coax Microdot Inc 31-52
J7 2 Winchester PM1S
J8 2 Coax Microdot Inc 31-52
J9 2 Coax Microdot Inc 31-52
J201
thru L Coax Microdot Inec 31-52 E-scope
Jook vert
J205 1 1JA4B21HO3 sweep
J206 1 1JATS44HO2
J207 1 1JAT544H03
J208 1 1JAk821HO2
J501 1 Coax Microdot Inc 31-52 E-scope
hor sweep
J502 1JA4821H03
J50k 1 1JA2629H02
J505 1 1JAL821H02
62
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Secﬂon v

REF Qry DRAWING OR MAJOR
pesic | PER 'DESCRIPTION MFR. NO. COMPONENT
' EQUIP
S -
CONNECTORS, RECEFTACLE (Continued)
J1201 1 MS3102E-22-19P Trans-rec
J1202 1 High-voltege coax - UG-496/U
Jiegl 1 MS3102E-268-11P
J1eez 1 Coax UG90/U
| J1kol 1 1JCT901HOL Preamp
J1ko2 1 Coax UG290,/U
J1601 1 1JA2629H03 Postemp
J1602 1 Coax UG290/u
J1603 1 Coax UG290/U
J60k | 1 | cosx UG290/u -
J1801 1 1JC8115H03 AFC-IF
J2001 2 MS3102E-32-13P X-scope
72002 | 8 | Coax UG-492B/U
thru .
- J2005 |
Jaeo08 | 2 MS3102E-14$-TP
| 72011 o MS3102E-148-TP
Jeo12 2 1JA2290HO01.
J2202 1 MS102E-18-88 E-gcope
J2203 4 Coex UGko2A/U
thru
- J2206
J2209 1 Coax Ucko24/U
J2801 1 MS3102E-20-16P Pover
: supply
J2802 1 MS3102E-22-19SW
J2803 1 MS3102E-22-14PY
| 72804 1 MS3102E-22-195X
J2805 1 MS3102E-163-15W
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REF QTY DRAWING OR MAJOR
pEsic | PER, DESCRIPTION MPR. MO, COMPONENT
—_—
CONNECTORS, RECEPTACLE (Continued)
J2806 1 MS3102E-22-1hsW Power
supply
J3201 1 MS3102E-22-14PW Modulator
J3202 1 Coax UG290/U
J3203 1 High-voltage coax ucko6/u
J3401 1 AN3102E-22-14P Synch-
ronizer
J3h02
thru 6 Coax UG262/U
J3ko7
J3k1h 1 1JA2291HO1
J3415 1 1JA2290H01
J3416 1 1JA2290HO1
J3801 1 MS3102E-20-33P Control
panel
J3802 1 MS3102E-22-148Y
J3803 1 MS3102E-28-123
J3804 1 MS3102E-32-138
J3805 1 MS3102E-32-~13S
J3806 1 MS3102E-22-148
J3807 1 MS3102E-22-195Y
Jh002 1 MS3102E-128-35 Antenna
Jet. box
J4003 1 MS3102E-18-8P
JLOoL 1 UG290/U
JL005 1 MS3102E-22-19PX
JL006 1 MS3102E-22-19PX
JL007 1 UG290/U
64
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Section IV

Approved For Release 2001/08/28 : CIA-RDP67B00657R000300030001-4

REF QTyYy DRAWING OR MAJOR |
DESIG PER DESCRIPTION MFR. NO. COMPONENT
EQUIP
RELAYS j
K1 2 1JC4860H06 X-scope
sweep anmp
K201 1 28" yolte 1JCT7769H08 E-scope
vert amp
K202 28 . volts 1JCTT769HO8
K1221 1 28 volts 1JCU860H03 Trans-rec
K2801 28 volts 1JC8156H0L Power
- supply
K2802 1 | 28 volts 1JCT790HO1
K2803 1 1JB6251H08
K280k 1 1JB6251H08
K2805 L Oven 503R275H0L
thru
K2808 ‘
K3201 1JC8156H01 Wbdulator
K3202 Overload 1JB2393HO1
K3801 1JC8156H01 Control
' panel
K3802 1 1JB6251H02
K3803 1 1JB6251H02
K380k 1 1JB6251H02
K3805 1 1JCTT769HO8
Kk001 1 Latching Potter and Brumfield Antenna
KBLTD
INDUCTORS (CHOKES)
L1 :
thru 16 | Coil 300 uh 1JC8020H36 X-scope
{1 L10 Bweep amp
L201 1 |[Coll 300 uh 1JC8020H36 882D mp,
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REPR QTY DRAWING OR MAJOR
DESIG PER DESCRIPTION MFR. NO. COMPONENT
EQUIP
INDUCTORS {CHOKES) (Continued)

1.202 1 Coil 300 uh 1JC8020H36 E-scope
vert amp

1203 1l 1000 uh Cambridge Therm. Corp.

X2082-1L

L1204 1 1000 uh X2082-1k4

1501 1 Coil 300 uh 1JCB8020H36 E-scope
hor. amp

L502 1 Coil 300 uh 1JCB020H36

L601 4 15 uh 1JC8020H05 Synch-
ronizer

thru

L60OL

L1401

thru 7 2.2 uh 1JC8059H05 Preamp

L1koT

L1601

thru 5 2.2 uh 1JCB059H0S Postamp

L1605

11801

thru L 2.2 uh 1JC8059H05 AFC-IF

L1804

11805 Varisble inductor 2JC2T06H08

13201 1 Choke 16.1 H 1 25c2564-H01 Modulator

13202 2.6 uh

See Note 1 on TO3R130
(M) Meter
METER

M3801 1 0-1 ma Simpson type 25R Control
panel
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Section IV

Approved For Release 2001/08/28 : CIA-RDP67B00657R000300030001-4

el
— oo i
CONNECTORS, PLUG
Fl 2 1JCT836H02 X-scope
' sWweep anp
P2 2 1JAL821H02
P3 2 1JA4821H02
P4 2 Winchester PMLP
P5 2 Coax Microdot Inc 32-66
6 2. | coax " Microdot Inc 32-66
4 ‘ 2 Winchester PMLP
P8 2 Coax Microdot Inc 32-66
P9 2 Coax Microdot Inc 32-66 .
P01 1 | Coax (cable) 4O6RLOTGOL E-scope
vert . amp
P202 1 | Coax (cable) 4O6RA0TGO2
P203 1 Coax (cable) LO6RLOTGOS
P20k 1 | Coex (cable) LO6RLOTGO3
P205 1 * LO6RLOBGOL
|P206 1 1JAT5LLHOL
P20T 1 1JATSULHOL
P208 1 1JAK821HOL
P501 1 Coax LO6RLOTGON E-scope
. hor . amp
P502 1 1JAL821HOL E-scope
‘ hor . amp
PS04 1 1JA2629H01
P505 - 1 1JAL821HO1
P1201 . 1 MS3106E-22-198 Trans-rec
- |P1202 1l High-voltage coax UG59D/U
|P1221 1 MS3106E-28-118
pP12o22 1 UG260B/U
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REF QTY DRAWING OR MAJOR
DESIG ES%'I!P DESCRIPTION MPR. NO. COMPONENT
— e ——— |
CONNECTORS, PLUG {Continued)
P1401 1 1JCT7901HO2 Trans-rec
P1L02 1 Coax UG260/U
P1601 1 1JA2629H0L Postemp
P1602 1 Coax uge62/u
P1603 1 Cosax uca62/u
P160k 1 | Coax uGa62/u _
F1801 1 1JCB115H02 AFC-IF
P2001 2 MS3106E-32-135S X-scope
P2002A 2 Coax UG260B/U
P2002B 2 Coax . Microdot Inc
32-32
P2002C 2 Coax Microdot Inc
32-68
P2003A Coax UG260B/U
P2003B Coax Microdot Inc
32-22
P2003C Coax Microdot Inc 32-68
P200LA 2 Coax UG260B/U
P2004B Coax Microdot Inc
32-22
P2004C 2 Cosx Microdot Inc 32-68
P2005A Coax UG260B/U
P2005B 2 Coax Microdot Inc
32-22
P2005C 2 Coax Microdot Inc
P2008 2 MS3108E-14S-T78
P2009 2 2JC2812H01
P2010 2 2JC2812H01
P2011 2 MS3108E-148-75
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Section 1V

REF QTY DRAWING OR MAJOR
pesic | PER _DESCRIPTION MFR. NO. COMPONENT |
' EQUIP i
— -
CONNECTORS, PLUG (Continued)
P2202 1 MS3106E-18-8P E-scope
P2210 1 Cable 2JC2812H01
P21l | 1 MS3106E-1L4S-T8
P2801 1 MS3106E-20-168 Power
supply
P2802 1 MS3106E-22-19FW
P2803 1 MS3106E-22-148Y
P2804 1 MS3106E-22-19FX
P2805 1 MS3106E-16S-1SW
P2806 1 MS3106E-22-14pW
P3201 1 MS3106E-22-148W Modulator
P3202 1 | Coax UG260B/U
P3203 1 | High-voltage coax UG59D/U
P3401 1 AN3106E-22-1ks Synch-
ronlzer
P3402:
thru 6 Coax UG260B/U
P3L07
P341h 1 1JA2291H02
P3415 1 1JA2290H02
P3h16 1 1JA2290H02
P3801 1 MS3106E-20-338 Control
panel
P3802 1. MS3106E-22-14FY
P38o3‘ 1 MS3106E-28-12P
P380L 1 MS3106E-32-138
P3805 1 MS3106E-32-138
- IP3806 1 MS3106E-22-14P
P3807 1 MS3106E-22-19PY
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~,
RER QTyY DRAVWING OR MAJOR
DESIG | RER, DESCRIPTION MFR. NO, COMPONENT
——e m:%
CONNECTORS, PLUG (Continued)
PLO02 1 MS3106E-12S-3P Antenna
Jet. Dbox
P4003 1 MS3106E-18-83
PLOOL 1 Coax UG260B/U
PL0OO5 1 MS3106E-22-19SX
PLO06 1 MS3106E-22-19SY
PLOOT 1 | coex UG260B/U
TRANSISTORS
Q601 1 oN332 Texas Inst. Synch-
2N332 ronizer
Q602 1 2N332 2N332 A
Q603 1 2N328 Raytheon Mfg.
2N328
QE0L 1 2N335 Texas Inst.
2N335
Q605
thru 22 2N333 Texas Inst.
Q626 2N333
RESISTORS
R1 2 Variable 1 meg 2JC27T9H4E X-gcope
sweep amp
R2 2 10k 1/2w RC20GF103J
R3 2 27Tk 1w RC32GF273J
R4 2 10k 1/2w RC20GF103J
R5 2 110k 1/2w RC20GF11L4J
R6 2 110k 1/2w RC20GF114J
R7 2 10k 1/2w RC20GF103J
8 2 |2.2k 1/aw RC20GF222J —~,
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Sectlon IV

REF QTY DRAWING OR MAJOR
pesi¢ | PER DESCRIPTION MFR. NO, COMPONENT
EQUIP :
_ | RESISTORS (Continued)
R9 2| 10k 1/2w RC20GF103J X-scope
sweep
BImp

R10 2 | 18k 1/2w RC20GF183J

R11 2| 18k 1/2w RC20GF183J

R12 2 10k 1/2w RC20GF103J

R13 2 10 meg 1/2v RC20GF106J

R14 2 | 120k 1/2w RC20GF124J

R15 2 b3k 1/2v RC20GFL33J

R16 2 | 10k 1/2w RC20GF103J

R17 2 10k 1/2w 'RC20GF103J

R18 2 | 10k 1/2w RC20GF103J

R19 2 | 1 meg 1/2u RC20GF105J

R20 2 | 10 meg 1/2w RC20GF106J

R21 2 56k 1/2w RC20GF5634J -

R22 2 | 6.8k 1/2w RC20GF682F

R23 2 | 1 megl/ew RC20GF105J

R2L 2 | 10k 1w RC32GF103J

R25 2 5.1k 1/2w RC20GF512J

R26 2 7.5k 2w RCh2GFT52T

R27 2 7.5k 2w RCL2GFT752T

R28 2 | 300k 1/2w RC20GF30k.T

R29 2 .| 10k 2w RC42GF103J

R30 2 | 300k 1/2w - RC20GF30L4J

R31 2 5.6k 1/2w RC20GF5627

R32 2 | 10k 1/2w RC20GF103J
| R33 2 1 meg 1/2w RC20GF105.J

R34 2 56k 1/2w RC20GF563J
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REF QTY DRAWING OR MAJOR
DESIC | FER, DESCRIPTION MFR. NO, COMPONENT
SERSNII == —— |
RESISTORS (Continued)
R35 2 | 6.8k 1w RC32GF682J X-scope
R36 2 5.1k 1/2w RC20GF512J Sreep S
R37 2 7.5k 1/2w RC20GF752J
R38 2 7.5k 1/2w RC20GF752J
R39 2 5.6k 1w RC32GF562J
RLO 2 8.6k 25w 1JATS19HL3
R41 2 3.3k 2w RCL2GF332T
RL2 2 3.3k 2w RCU2GF332T
R43 2 | 8.6k 25w 1JATS19H43
Rk 2 510k 1/2w RC20GF514J
R4S 2 1k 1/2w RC20GF102J
RE6 2 68k 1/2w RC20GF683J
R4T 2 22k 1/2u RC20GF223J
RL9 2 22k 1/2w RC20GF223J
RS0 2 | 200 ohms 1/2uw RC20GF201J
R51 2 | Variable 10k 1/2w 2JC27T9HL2
R53 2 Variable 2.5k 2JC2TTIHE2
RS54 2 Y70k 1/2w RC20GFLTLT
R55 2 2.4k 1/2w RC20GF242J
R56 2 180k 1/2w RC20GF184J
R57 2 5.1k 1w RC32GF512J
R59 2 | Variable 2.5 meg 2JC2TT9EL9
R6L 2 | 91 ohms 1/2w RC20GF910J
R66 2 1 meg 1/2w RC20GF105J
R69 2 200 ohms 1/2w RC20GF201J
RT3 2 200 ohms 1/2w RC20GF201J
RT4 2 1k 1/2w RC20GF102J
RTS 2 - | 5.1x_ 1/2uw RC20GF512J
72
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Section IV

plégrc EEE}:*P  DESCRIPTION °ﬁ?=‘§'."ﬁo?“ coméggm
=
RESISTORS (Continued)
R76 2 | 1 meg 1/2w RC20GF105J X-scope

sweep amy
RTT 2 | 100k 1/2w RC20GF10MT
R78 2 | 100 ohms 1/2w RC20GF101T
RT9 2 10k 1/2w RC20GF103J
R80 2 | 100k 1/2w RC20GF10LJ
R81 2 | 130k 1/2w RC20GF134J
R82 2 110k 1/2w RC20GF114J
R83 2 10k 1/2w RC20GF103J
RSl 2 | 10k 1/2v RC20GF103J
R85 2 | 100k 1/2w RC20GF1O4J
R86 2 | 33k 1/2w RC20GF333J
R87 2 | 51k 1/2w RC20GF513J
R88 2 | 100k 1/2w RC20GF10LT
R89 2 2 meg 1/2w RC20GF205J
R92 2 Variable 1 meg 2JC27T9HLS
R93 2 1 meg 1/2w RC20GF105J
ROk 2 | 10k 1w RC32GF103J
R9S 2 | 27k lw RC32GF273J
R96 2 10k 1/2w RC20GF103J
ROT 2 56k 1/2w RC20GF563J
R98 2 | 5.6k 1/2w RC20CF562J
R99 2 | 120k 1/2w RC20GF124J
R101 - 2 10 meg 1/2w RC20GF106J
R102 2 | 43k 1w RC32GFL433J
R103 2 5.6k 1/2u RC20GF562
R1Ok 2 56k 1/2w RC20GF563J
R105 2 | 6.8k 1/2w RC20GF682J
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-
REF QTty DRAWING OR MAJOR
DESIG E':JERP DESCRIPTION MFR. NO. COMPONENT
— —e ey
RESISTORS (Continued)
R106 2 1 meg 1/2w RC20GF105J X-scope
sweep amp
R107 2 10k 1/2w RC20GF103J
R108 2 5.1k 1/2w RC20GF512J
R109 2 300k 1/2w RC20GF304J
R110 2 10k 2w RCLH2GF103J
R111 2 300k 1/2w RC20GF30LJ
R112 2 7.5k 2w RCh2GFT752J
R113 2 7.5k 2w RCL42GFT52J
R11k 2 10k 1w RC32GF103J
R115 2 | 1 meg l/2w RC20GF105J ,
R116 2 6.8k 1w RC32GF682J
R117 2 5.1k 1/2w RC20GF512J
R118 2 7.5k 1/2w RC20GF7527
R119 2 7.5k 1/2w RC20GF752J
R120 2 5.6k 1w RC32GF562J
R121 2 8.6k 25w 1JATS19HUL3
R122 2 3.3k 2w RCL2GF332J
R123 2 3.3k 2w RCL2GF332J
R124 2 8.6k 25w 1JATS19H43
R127 2 20k 1w RC32GF203J
R128 2 20k 1w RC32GF203J
R129 2 20k lw RC32GF203J
R130 2 20k 1w RC32GF203J
R201 1 330k 1/2w RC20GF334J E-scope
vert eamp
R202 82k 1/2u RC20GF823J
R203 330k 1/2w RC20GF334J £~
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Section IV

Approved For Release 2001/08/28 : CIA-RDP67B00657R000300030001-4

REF ary DRAWING OR MAJOR |
DESIG PER 'DESCRIPTION MFR. NO, COMPONENT
‘ EQUIP
RESISTORS (Continued)
R204 1 100k 1/2w RC20GF10L4J E-scope
vert amp
R205 1 110k 1/2w ' RC20GF114J
R206 1 39k 1/2w RC20GF393J
R20T 1 7.5k 1w RO32GF752J
R208 1 3.3k 1/2w RC20GF332J
R209 1 7.5k 1w RC32GF752T
R210 1 110k 1/2w RC2OGF114J
R211 1 39k 1/2v RC20GF393J
R212 1 680k 1/2w RC20GF68LJ
R213 1 1k 1/2w 'RC20GF102F
R214 1 2.7k 1/2w RC20GF272T
R215 1 2.7k 1/2v RC20GF272J
R216 1 100k 1/2v RC20GF104J
R217 1 100k 1/2w . RC20GF10kJ
R218 1 T5k 1/2w RC20GFT53T
R219 1 1.5 meg 1/2w - RC20GF155J
R220 1 100k 1/2w RC20GF104J
R221 1 20k 1/2w RC20GF203J
R222 1 1 meg 1/2w RC20GF105J
R223 1 51k 1/2w RC20GF513J
R22L 1 10k 1/2w RC20GF103J
R225 1 18k 1/2w RC20GF183J
R226 1 120k 1/2w RC20GF124J
R227 1 1 meg 1/2w . RC20GF105J
R228 1 L0k 1/2w RC20GFUTLT
R229 1- | 22k 1/2w RC20QF223J
R231 1 100k 1/2w RC20GF10L4J
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REF aTY ; DRAWING OR MAJOR
DESIG E%%?P DESCRIPTION MFR. NO. COMPONENT
S RUUU—
RESISTORS (Continued)
R232 1 100k 1/2w RC20GF104J E-scope
vert amp
R233 1 10k 1/2w RC20GF103J
R234 1 9.1k 1w RC32GF912J
R235 1 9.1k 1w RC32GF912J
R236 1 1 meg 1/2w RC20GF105J
R237 1 1 meg 1/2w 'RC20GF105J
R238 1 10k 1/2v RC20GF103J
R239 1 22k 1/2w RC20GF223J
R240 1 12k 2w RCU2GF123J
R2l1 1 1 meg 1/2w RC20GF105J
R2U42 1 1 meg 1/2w RC20GF105J
R2L3 1 15k 1/2w RC20GF153J
R2UL 1 15k 1/2w RC20GF153J
R4S 1 7.1k 5w RW57G712
R2U6 1 7.1k 5w RW5T7GT712
R2L7 1 150 ohms 1/2w RC20GF151J
R24E 1 150 ohms 1/2w RC20GF151J
R249 1 |47k 1/2w RC20GFLT3J
R250 1 Y7k 1/2w RC20GF4T73J
R251 1 180k 1/2w RC20GF184J
R252 1 6.2 meg 1/2w RC20GF625J
R253 1 33k 1/2w RC20GF333J
R254 1 150k 1/2w RC20GF154J
R255 1 100k 1/2w RC20GF10kJ
R256 1 100k 1/2w RC20GF104J
R25T 1 10k 1/2w RC20GF103J
R258 1 10k 1/2w RC20GF103J
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Section 1V

Approved For Release 2001/08/28 : CIA-RDP67B00657R000300030001-4

REF QTY DRAWING OR MAJOR
DESIG PER ,DESCRIPTION MFR. NO, COMPONENT |
' EQUIP !
RESISTORS (Continued)
R259 1 1.3k 1/2w RC20GFL32J E;iif;;p
R260 1 7.5k 1w 'RC32GFT752J
R261 1 180k 1/2w RC20GF184T
R262 1 750k 1/2w RC20GFT54T
R263 1 1.5 meg 1/2w RC20GF155J
R26Y 1 10k 1/2v RC20GF103J
R265 1 150k 1/2u RC20GF154J
R266 1 560k 1/2w - RC20GF564J
R26T 1 Wk v RC32GFUT3J
R268 1 WTk 1w RC32GFUT3T
R269 1 10k 1/2w RC20GF103J
R270 1 1 meg 1/2w RC20GF105J
RETL 1 4Tk lw RC32GF4T3T
R272 1 |1 meg l/2w RC20GF105J
ROT3 . 1 180k 1/2w ' RC20GF184J
R2Th 1 2hk 1/2w RC20GF243J
R2T5 1 47K 1/2w RC20GF4T3J
RET6 1 | 15k 1/2v RC20GF153F
R2TT 1 15k 1/2w RC20GF153J
R2T8 1 4.7k 1/2v RC20GFLT2T
R2T9 1 Lk 1/2w RC20GF4T3T
[Re80 1 3.3k 1/2w RC20GF332J
R281 1 1 meg 1/2w RC20GF105J
Ro82 | 1 1 meg 1/2w RC20GF105F
R283 1 1 meg 1/2v RC20GF105J
R28k 1 1 meg 1/ow RC20GF105J
R85 1 | 680k 1/2w RC20GF68LT
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RER QTY DRAWING OR MAJOR
DESIC EE%TP DESCRIPTION MFR. NO. COMPONENT
— == ——— — - ]
RESISTORS (Continued)
R286 1 2Tk 1/2w RC20GF273J E-scope
vert amp
R287 1 750k 1/2w RC20GF754J
R288 1 1k 1/2w RC20GF102J
R289 1 180k 1/2w RC20GF184J
R290 1 7.5k 1w RC32GF752J
R291 1 10k 1/2w RC20GF103J
R292 1 1.3k 1/2w RC20GF132J
R293 1 10k 1/2w RC20GF103J
R29L 1 100k 1/2w RC20GF104J
R295 1 10k 1/2w RC20GF103J
RS01 1 100 ohms 1/2w RC20GF101J E-scope
hor -amp
R502 1 110k 1/2w RC20GF11h4J
RS03 1 18k 1/2w RC20GF183J
R50L 1 10k 1w RC32GF103J
R505 1 10k 1w | RC32GF103J
%506 1 2.2k 1/2w RC20GF222J
R507 1 110k 1/2w RC20GF11k4J
R508 1 18k 1/2w RC20GF183J
R509 1 470k 1/2v RC20GF474J
R510 1 510k 1/2w RC20GF514J
RS11 1 5.1k 1/2w RC20GF512J
R512 1 15k 1/2w RC20GF153J
R513 1 1.2 meg 1/2w RC20GF125J
RS1k4 1 100k 1/2w RC20GF10L4J
R515 1 100k 1/2w RC20GF10LJ
R516 1 100k 1/2w RC20GF10LJ
917 1 10k 1/2w RC20GF1Q3J
8 CONPFIDENTIAL
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Section IV
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REF ary DRAWING OR MAJOR
DESIG PER _DESCRIPTION MFR. NO. COMPONENT
' EQUIP
-
RESISTORS (Continued)
R518 1 10k 1/2w. RC20GF103J E-scope
. hor amp
R519 1 1.3k 1/2w ' RC20GF132J
R520 1 7.5k 1w RC32GF752T
R521 1 180k 1/2w RC20GF184J
R522 1 750k 1/2w RC20GF754J
R523 1 1.5 meg 1/2w RC20GF155J )
R524 1 10k 1/2w RC20GF103J
R525 1 1.2 meg 1/2y RC20GF125J
R526 1 82k 1/2w RC20GF823J
R527 1 220k 1/2w 'RC20GF224J
R528 1 16k 1/2w RC20GF163J
R529 1 1k 1/2w RC20GF102J
R530 1 1 meg 1/2w RC20GF105J
R531 1 1k 1/2v RC20GF102J
R532 1 100k 1/2w RC20GF10L4J
R533 1 1k 1/2y RC20GF102J
R534 1 1 meg 1/2u RC20GF105J
R535 1 3 meg 1/2w RC20GF305J
R536 1 2.2k 1/2w RC20GF222J
R537 1 b7k 1w RC32GF4T3J
R538 1 36k 1w RC32GF363J
R539 1 10k 1/2w RC20GF103J
RS540 1 10k 1/2w RC20GF103J
R541 1 9.1k 1w RC32GF912J
R542 1 9.1k 1w RC32GF912J
R543 1. | 12k 2w RCLogF123g
R544 1 3.3k 1/2v RC20GF332J
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-,
REF QTY DRAWING OR MAJOR
DESIC Egﬁgp DESCRIPTION ‘ MFR, NO, COMPONENT
SI——
RESISTORS (Continued)
R5L45 1 56k 1/2w RC20GF563J E-scope
hor amp
R5L6 1 10k 1/2w RC20GF103J
R547 1 6.2k 1/2v RC20CF622J
R5L8 1 1 meg 1/2w RC20GF105J
R549 1 1 meg 1/2w RC20GF105J
R550 1 160 ohms 1/2w RC20GF161J
R551 1 160 ohms 1/2w RC20GF161J
RS552 1 10k 25w 1JAT519H10
R553 1 10k 2w RCL42GF103J
R554 1 15k 1/2w RC20GF153J -~
RS55 1|33k /2w RC20GF3337
R556 1 100k 1/2w RC20GF104J
R601 1 22k 1/2v RC20GF223J Synch-
ronizer
R602 1 10k 1/2w RC20GF103J
R603 1 10k 1/2w RC20GF103J
R60OL 1 5.1k 1/2w RC20GF512J
R605 1 22k 1/2w RC20GF223J
R606 1 10k 1/2w RC20GF103J
REOT 1 7.5k 1/2w RC20GF752J
R608 1 3.6k 1/2w RC20GF362J
RG09 1 10k 1/2w RC20GF103J
RG10 1 100k 1/2w RC20GF104J
R611 1 5.1k 1/2w RC20GF512J
R612 1 10k 1/2w RC20GF103J
R613 1 10k 1/2w RC20GF103J
RG1L 1 5.1k 1/2w RC20GF512J o~
615 1 100 ohmg 1/2w RC2OGF101.T
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Approved For Release 2001/08/28 @&ALREPE7B30657R000300030001-4 Section IV
i | P e
) EQUIP

RESISTORS (Continued)
R616 1 100 ohms 1/2w RC20GF101J Synch-
. ronizer
R6LT 1 120k 1/2w ' RC20GF124kT
R618 1 220k 1/2w RC20GF224J
R619 1 3.3k 1/2w RC20GF332J
R620 1 12k 1/2w RC20GF123J
R621 1 5.1k 1/2w RC20GF512T
R622 1 1k 1/2w RC20GF102J
R623 1 3.3k 1/2w RC20GF332J
RG24 1 12k 1/2w RC20GF123J
R625 1 5.1k 1/2w RC20GF512J
R626 1 120k 1/2w RC20GF124J
R627 1 220k 1/2w RC20GF224T
R628 1 10k 1/2w RC20GF103J
R629 1] 5.1k 1/2w ~ RC20GF5127
R630 1 100 ohms 1/2w RC20GF101J
R631 1 10k 1/2v RC20GF103J
R632 1 220k 1/2w RC20GF224J
R633 1 120k 1/2v RC20GF124J
|R63L 1 5.1k 1/2v RC20GF512T
R635 1 12k 1/2w RC20GF123J
R636 1 3.3k 1/2w RC20GF332J
R637 1 820 ohms 1/2w RC20GF821
R638 - 1 5.1k 1/2w RC20GF512F
R639 1 12k /2w RC20GF123J
R640 1 3.3k 1/2w RC2OGF3327
|R64L 1 20k 1/2w RC20GF203J
R6L2 1 220k 1/2w RC20GF22U4 T
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REF QTy DRAWING OR MAJOR
pESIG | FER, DESCRIPTION MFR, NO. COMPONENT
E—— —_— |
RESISTORS (Continued)
R643 1 120k 1/2w RC20GF124kJ Synch-
ronizer
R64k 1 220k 1/2w RC20GF224J
R645 1 3.3k 1/2uw RC20GF 3327
R646 1 120k 1/2w RC20GF12LJ
R6LT 1 5.1k 1/2w RC20GF512J
R648 1 12k 1/2v RC20GF123J
R649 1 820 ohms 1/2w RC20GF821J
R650 1 5.1k 1/2uw RC20GF512J
R651 1 12k 1/2w RC20GF123J
R652 1 3.3k 1/2w RC20GF332J
R653 1 120k 1/2w RC20GF124kJ
R654 1 220k 1/2w RC20GF224J
R655 1 220k 1/2w RC20GF224J
R656 1 120k 1/2w RC20GF124J
R65T 1 5.1k 1/2w RC20GF512J
R658 1 12k 1/2w RC20GF123J
R659 1 3.3k 1/2w RC20GF332J
R660 1 3.3k 1/2w RC20GF332J
R661 1 12k 1/2w RC20GF123J
R662 1 5.1k 1/2w RC20GF5127
R663 1 120k 1/2w RC20GF12kJ
R664 1 220k 1/2w RC20GF22LJ
R665 1 220k 1/2w RC20GF224J
R666 1 120k 1/2w RC20GF124J
R66T 1 12k 1/2w RC20GF123J
R668 1 3.3k 1/2w RC20GF332J
R669 1 5.1k 1/2u RC20GF512J
% CONFIDENTYIAL
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Section IV

REF QTY DRAWING OR MAJOR
DESIG PER _DESCRIPTION MFR. NO. COMPONENT
EQUIP
o]
RESISTORS (Continued)
R6T0 1 3.3k 1/2w RC20GF332J Synch-
: ronlzer

R6T1 1 56k 1/2w RC20GF563J
|RET2 1 1k 1/2w RC20GF102J
R673 1 5.1k 1/2w RC20GF512J
R6TA 1 12k 1/2w RC20GF123J
R6T5 1 120k 1/2w RC20GF124J
R676 1 220k 1/2w RC20GF224J
R6TT 1 220k 1/2w RC20GF224J
R6T8 1 5.1k 1/2w RC20GF512J
R6T9 1 120k 1/2v RC20GF124J
R680 1 12k 1/2v RC20GF123J
R68L 1 3.3k 1/2w RC20GF332J
R682 1 3.3k 1/2w RC20GF332J
R6B3 - | 1 | 1k 1/2w RC20GF102J
R68Y4 1 5.1k 1/2w RC20GF512J
R685 1 12k 1/2y RC20GF123J
R686 1 120k 1/2w RC20GF124J
R68T 1 220k 1/2w RC20GF224J
R688 1 220k 1/2w RC20GF224J
R689 1 5.1k 1/2w RC20GF512F
R690 1 120k 1/2v RC20GF124g
R691 1 12k 1/2w RC20GF123J
RG692 1 3.3k 1/2w RC20GF332T
R693 1 3.3k 1/2v RC20GF332J
REOL 1 1k 1/2w RC20GF102J
IR695 1 5.1k 1/2w RC20GF5127
696 1 12k 1/2y ROPOGE1 23T
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Y
REF QTY DRAWING OR MAJOR
DESIG Elal‘a}lap DESCRIPTION | MPR, NO. COMPONENT
— ]
RESISTORS (Continued)
R697 1 120k 1/2w RC20GF12L4J Synch-
ronizer
R698 1 220k 1/2w RC20GF224J
R699 1 10k 1/2w RC20GF103J
R701 1 10k 1/2w RC20GF103J
R702 1 5.1k 1/2w | RC20GF512J
RT703 1 L7k 1/2w " RC20GFL22J
RTOk4 1 100 ohms 1/2w RC20GF101J
R705 1 100k 1/2w RC20GF104J
R706 1 300 ohms 1/2w RC20GF301J
R707 1 1.3k 1/2w RC20GF132J
R708 1 47 ohms 1/2w RC20GF470T
RT09 1 10k 1/2w RC20GF103J
R710 1 100k 1/2w RC20GF10L4J
R711 1 300 ohms 1/2w RC20GF301J
R712 1 1.3k 1/2w RC20GF132J
R713 1 47 ohms 1/2w RC20GFLT0J
R71k4 1 10k 1/2w RC20GF103J
RT715 1 197k 1/2w | 1JA8691H49
R716 1 100k 1/2w RC20GF104J
R717 1 7.5k 1w RC32CF752T
RT18 1 LT ohms 1/2w RC20GFL70J
R719 1 1.3k 1/2w RC20GF132J
RT20 1 15k 1/2w RC20GF153J
R721 1 1 meg 1/2w RC20GF105J
R722 1 L7k 1/2w RC20GF473J
R723 1 470k 1/2w RC20GFhTLJ
R72k 1 100k 1/2w RC20GF104J
84
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Section {V

Approved For Release 2001/08/28 : CIA-RDP67B00657R000300030001-4

REF | QTY , DRAWING OR. MAJOR
pesic | PER _DESCRIPTION MFR. NO, COMPONENT
EQUIP
— S sremmesrent
: RESISTORS (Continued)
RT25 1 220 ohms 1/2w RC20GF221J 8ynch-
' ronizer
RT726 1 1.8k 1/2w . RC20GF1827
RT27 1 10k 1/2w RC20GF103J
R728 1 100k 1/2w RC20GF104J
R729 1 100k 1/2w RC20GF104J
R730 | 1 5.1k 1/2w RC20GF5127
R731 1 5.1k 1/2w RC20GF512F
RT32 1 300k 1/2w RC20GF304J
R733 1 43k + 1% 1/2w 1JAT89THTL
RT3k 1 10k 1/2w RC20GF103J
R735 1 10k 1/2w RC20GF103J
RT36 1 10k 1/2w RC20GF103J
RT37T 1 100k 1/2w RC20GF104J
R738 1 | 27k 1/2w RC20GF2T3J
R739 1 | 1 meg 1/2w | RC20GF105J
R74LO 1 1k 1/2w RC20GF102J
R |1 | 10k 1/2w RC20GF103J
R742 1 100k 1/2w RC20GF10L4J
RT43 1 10k 1w RC32GF103J
R4 1 197k 1/2w 1JAB691HLY
R745 1 7.5k 1w RC32GFT527
RT46 1 | 1.3k 1/ow RC20GF1327
Rt |2 100k 1/2w RC2OGF104JT
RTL48 1 100k 1/2w RC20GF104T
RT49 1 10k 1/2w RC20GF103J
RT50 1 100k 1/2w RC20GF104J
R751 1 1.3k 1/2w RC20GF1327
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~
i S| oescueron gty et
B ~ RESISTORS (Continued)
R752 1 10k 1w RC32GF103J Synch-
ronlzer

R753 1 100k 1/2w RC20GF10L4J

RT754 1 7.5k 1w RC32GF752J

RT55 1 100k 1/2w RC20GF104J

R756 1 100k 1/2w RC20GF10LJ

R757 1 10k + 1% 1/2v 1JAB691H68

RT58 1 62k 1/2u RC20GF623J

R759 1 100k 1/2w RC20GF10LJ

R760 1 5.6k 1w RC32GF562J

R761 1 197k 1/2w 1JAB691HL9

R762 1 1.8k 1/2w RC20GF1827

R763 1 33k 1/2w RC20GF333J

R76k 1 1k 1/2u RC20GF102J

R765 1 1k 1/2w RC20GF102J

R766 1 3.3k 1/2w RC20GF332J

RT6T 1 2Tk 1w RC32GF273J

RT68 1 2lk 1/2w RC20GF243J

R769 1 8.2k 1/2w | RC20GF8227

RT70 1 10k 1/2w RC20GF103J

R771 1 100k 1/2w RC20GF10LJ

RT72 1 3.9k 1/2w RC20GF392J

RT73 1 197k 1/2w 1JAB691HLS

R7 T4 1 7.5k 1w RC32GF752J

RT775 1 22k + 1% 1/2uw 1JAB691HS6

RTT6 1 1.3k 1/2w RC20GF132J

RT7T 1 62k 1/2w RC20GF623J

R778 1 22k 1/2w RC20GF223J
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Section 1V

REF QTY DRAWING OR MAJOR
pesic | PER ,DESCRIPTION MFR. NO, COMPONENT
EQUIP
RESISTORS (Continued)
RT79 1 1k 1/2w RC20GF1027 Synch-

ronlzer
R780 1 820 ohms 1/2w ' RCROGF821T
RT781 1 82 ohms 1/2w RC20GF820
R782 1 3.3k 1/2v RC20GF3327
R783 1 2Tk 1w RC32GF273J
R784 1 100k 1/2w RC20GF104T
RT785 1 62k 1/2w RC20GF623J
R786 1 100k 1/2y RC20GF104T
R787 1 100k 1/2w RC20GF104J
R788 1 5.1k 1/2w RC20CF512F
R789 1 197k 1/2w 1JA8691H49
R790 1 1.8k 1/2w RC20GF1827
RT91 1 5.6k 1w RC32GF562F
R792 1 68k 1/2w RC20GF683TF
Rr93 | 1 | 100% 1/2v | RC20GF10LT
R794 1 100k 1/2w RC20GF104T
RT795 1 100k 1/2w RC20GF104J
RT796 1 22k 1/2w RC20GF223J
RT9T 1 197k 1/2w 1TA8691H49
R798 1 1.8k 1/2w RC20GF182J
[R799 1 5.6k 1w RC32GF5627
RE0L 1 | 680 ohms 1/24 RC20GF681T
R802 1 3.3k 1/2w RC20GF332J
R803 1 62k 1/2w RC20GF623T
RSOL 1 100k 1/2w RC20GF104J
|r805 1 620k 1/2w RC2OGF62L.J
RE06 1 | 5.1k 1/2v RC20GF512J

CONFIDENTIAL
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e 181 oescarmon et
_— ]
RESISTORS (Continued)
R80T 1 15k 1/2w RC20GF153J Synch-
ronlizer
R808 1 1 meg 1/2w RC20GF105J
R809 1 620k 1/2w RC20GF62LJ
R810 1 1 meg 1/2w RC20GF105J
R811 1 22k 1/2w RC20GF223J
R812 1 36k 1/2w RC20GF363J
R813 1 91k 1/2w RC20GF913J
R814 1 100k 1/2w RC20GF104J
R815 1 1.8k 1/2w RC20GF182J
R816 1 3k 1/2w RC20GF302J
R817 1 197k 1/2w 1JA8691H49
R818 1 1.8k 1/2w RC20GF182J
R819 1 5.6k 1w RC32GF562J
RB21 1 3.3k 1/2w RC20GF332J
R822 1 3.3k 1/2w RC20GF332J
R823 1 12k 1/2w RC20GF123J
R824 1 12k 1/2w RC20GF123J
R825 1 120k 1/2w RC20GF124J
R826 1 120k 1/2w RC20GF124J
R827 1 220k 1/2w RC20GF224J
R828 1 220k 1/2w RC20GF224J
R829 1 5.1K 1/2w RC20GF512J
R830 1 5.1k 1/2w RC20GF512J
R831 1 1k 1/2w RC20GF102J
R832 1 22k 1/2w RC20GF223J
R833 1 22k 1/2w RC20GF223J
R83k4 1 10k 1/2w RC20GF103J
88 CONFIDENTIAL
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REF Qry DRAWING OR MAJOR
DESIG RER 'DESCRIPTION MFR. NO, COMPONENT
‘ EQUIP
P - ==
RESISTORS (Continued)
R835 1 5.1k 1/2w RC20GF512J Synch-
; ronlzer
R836 1 100k 1/2w " RC20GF104J
R837 1 100k 1/2w RC20GF104T
R838 1 1.5k 1/2w RC20GF152J7
R839 1 18k 1/2w RC20GF183J
R840 1 100k 1/2w RC20GF104J
R841 1 10 meg 1/2w RC20GF106J
R1201 1 8.9k * 1% 1JAT896H192 Trans- -
. rec
R1202 1 1k 1/2w RC20GF102J
R1221 1 3.3 meg 1w RC32GF335J
R1222 1 3 meg RC32GF305J
R1223 1 100k 1/2w RC20GF104J
R1224 1 | Variable 100k 1/2w 2JC2TT9HA5
R1226 | 1 | 100 ohms 1/2w | RC20GF101J
R1227 1 100 ohms 1/2w RC20GF101J
|r1228 | 1 | 100 ohms 1/2w RC20GF101J
R1229 1 100 ohms 1/2w RC20GF101J
R1401 1 100 ohms 1/2w RC20GF101J Preamp
R1k02 1 100 ohms 1/2w RC20GF101J
R1403 1 150 ohms 1/2w RC20GF151F
RIkO: | 1 | 270 ohms 1/2w RC20GF27LJ
R1405, 1 150 ohms 1/2w RC20GF151J
R1406 1 270 ohms 1/2w RC20GF271J
R1kO7 | 1 5.6k 1/10%- 2JC2T18HO2
{R11408 1 270 ohms 1/2w RC20GF271J
R1409 1 270 ohms 1/2w RC20GF271J
CONFIDENTIAL 89
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REFR QTY DRAWING OR MAJOR
DESIC 555?9 DESCRIPTION MFR. NO. COMPONENT
- ———— |
RESISTORS (Continued)
R1410 1 5.6k 1/10w 2JC2718H02 Preamp
R1k11 1 270 ohms 1/2w RC20CF271J
RIL12 | 1 | 270 ohms 1/2w RC20GF271J
R1601 1 91 ohms 1/2w | RCPOGF910J Postamp
R1602 1 270 ohms 1/2v RC20GF271J
R1603 1 270 ohms 1/2w | RC20GF271J
R1604 1 2.2k 1/10w | 2JC2718HLT
R1605 1 270 ohms 1/2w | RC20GF271J
R1606 1 270 ohms 1/2w RC20GF271J
R1607 1 2.7k 1/10w 2JC2718H19
R1608 1 270 ohms 1/2w RC20GF271J
R1609 1 270 ohms 1/2w RC20GF271J
R1610 1 2.2k 1/10w 2JC2718H17
R1611 1 270 ohms 1/2w RC20GF271J
R1612 1 270 ohms 1/2w RC20GF271J
R1613 1 3.9k 1/2u RC20GF392J
R1614 1 6.8k 1w RC32GF682J
R1615 1 1k 1/2w RC20GF102J
R1616 1 120 ohms 1/2w RC20GF121J
R1617 1 470 ohms 1/2w RC20GF4T71T
R1618 1 b7k 1/2w RC20GF4T3J
R1619 1 150k 1/2w RC20GF154T
R1620 1 Variable 1k 1/2w 1JCL8L1HOL
R1621 1 Variable 250k 1/2w 1JC4841H11
R1622 1 Variable 1k 1/2w 1JCL8L1HO
R1623 1 3.3k 1/10w 2JC2718H20
R1801 1 430 ohms 1/2w RC20GFL31J AFC-IF
R1802 1 2k 1/10w 2JC2718H23
70 CONFIDENTIAL
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Section IV

REF ary DRAWING OR MAJOR

PESIG PER _DESCRIPTION MFR. NO. COMPONENT
EQUIP
RESISTORS (Continued)

R1803 1 430 ‘ohms 1/2w. RC20GF431T AFC-TF
R180k4 1 2.4k 1/10v 2JC2T18H18

R1805 1 430 omms 1/2w RC20GF431d

R1806 1 2.7k 1/10w 2JC2T18H19

R1807 1 6.8k 1/10w 2JC2718H38

R1808 1 120k 1/2v RC20GF124J

R1809 1 6.8k 1/10w 2JC2T718H38

R1810 1 36k 1/2w RC20GF363T

R1811 1 36k 1/2w RC20GF363J

R1812 1 | 3.9% 1/2w ~ RC20GF392J

R1813 1 11k 1/2w RC20GF113J

R181k 1 180k 1/2v RC20GF184J

R1815 1 11k 1/2w RC20GF113J.

R1816 1 | 220 ohms 1/2w RC20GF221F

R181T 1 5.1 meg 1/10w 2JC2718H37

R1818 1 3.3 meg 1/10w 2JC2718H08

R1819 1 1.8 meg 1/2w RC20GF185J

R1820 1 470k 1/2w RC20GFUTLT
R1821 1 b7k 1w RC32GFLT3T
R1822 1 10k 1/2w RC20GF103J

R1823 1 1k 1/2w RC20GF102J

R1829 1 33k 1/10w 2JC2T718H33
R2001 2 3k 1/2w RC20GF302J X-scope
R2002 2 3k 1/2w RC20GF302J
R2003 2 3k 1/2w RC20GF302J
|R200k 2 3k 1/2v RC20GF302

R2005 2 3k 1/2w RC20GF302J

CONFIDENTIAL 1
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RESISTORS (Continued)
R2006 2 3k 1/2w RC20GF302J X-scope
R2007 2 3k 1/2w RC20GF302J
R2008 | 2 ok 1/2w RC20GF2L3J
R2009 2 10k 1/2w RC20GF103J
R2010 2 Variable 2.5k 1/2w 2JC2TT9H62
R2011 2 Variable 10k 1/2w 2JC2779H42
R2012 2 Variable 50k 1/2w 2JC2TTOHM
R2013 2 100k 1/2w RC20GF104J
R2014 2 Variable 50k 1/2w 2JC2779H4Y
R2015 2 51k 1/2w | RC20GF513J
R2016 2 Variable 25k 1/2w 2JC2779HL3
R2017 2 Variable 10k 1/2w 2JC2779HL2
R2018 2 Varisble 100k 1/2w 2JC2TT9HY4S
R2019 2 18k 2w RCL2GF183J
R2020 2 43k 2w RCL2GF433T
R2021 2 51k 1/2w RC20GF513J
R2022 2 5.1k 1/2w RC20GF512J
R2023 2 510k 1/2w RC20GF514J
R2024 2 100k 1/2w RC20GF10LJ
R2025 2 100k 1/2w RC20GF104LJ
R2026 2 Variable 100k 2JC2963HO1
R2027 2 Variable 100k 2JC2963H01
R2028 2 Variable 100k 2JC2963H01
R2029 2 62k 1/2w RC20GF623J
R2030 2 100k 1/2w RC20GF104J
R2031 2 Variable 5k 2w 1JC1503HOL
R2032 2 20k 1/2w RC20GF203J
R2033 2 L3k 2w RCU2GFU33T
92
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D%Erc EEE?‘P _DESCRIPTION Dzﬂz'.N:o?R' comgé’r?:m
- .
RESISTORS (Continued)
R2034 2 1 meg 1/2w RC20GF105J X-scope
R2035 2 100k 1/2w ' RC20GF104J
R2036 2 100k 1/2w RC20GF10k4J
R2037 2 1.8k 1/2w RC20GF1827
R2038 2 130k 1/2v RC20GF134J
R2039 2 1 meg 1/2w RC20GF105J
R2201 1 Variable 50k See note 3 on TO3R13L E-scope
R2202 1 3.3k 1/2w RC20GF332J ’
R2203 1 43k 1/2w RC20GF433T
R220) 1 Varieble 100k PJIC2TTOHNS
R2205 1 2Tk 1/2w RC20GF273J
R2206 1 100k 1/2w RC20GF104J
R2207 1 Variable 25k 2JC2TT9HLS
R2208 1 110k 1/2w RC20GF114J
R2209 1 Variable 250k 2JC27T79HL6
R2210 1 10 meg 1/2w RC20GF106J
R2211 1 10 meg 1/2w . RC20GF106J
R2212 1 Variable, dual 250k 1JA3363H06
R2213 1 1 meg 1/2w RC20GF105J
R2214 1 1 meg 1/2w RC20GF105J
R2215 1 Varisble 100 ohms RP103RO101KK
R2216 1 Variable, dual 250k 1JA3363H06
R2217 1 Variable, dusl 100k See Note 2 on TO3R134
R2218 | 1 62k + 1% 1/2w 1JAB8691H18
R2219 1 50k * 1% 1/2w 1JA8691H38
|R2220 1 Variable, dual 10k 2JC2380H24
R2221 1 10 meg 1/2w RC20GF106J
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REP QTY DRAVWING OR MAJOR
DESIG EBE;I!P DESCRIPTION MFR, NO, COMPONENT
RESISTORS (Continued)
R2801 1 510 ohms 1/2w RC20GFS11J Fower
‘ supply
R2802 1 510 ohms 1/2w RC20GF511J
R2803 1 510 ohms 1/2w RC20GF511J
R280k4 1 510 ohms 1/2w RC20GF511J
R2806 1 27 ohms 2w RCL2GF270J
R2807 1 27 ohms 2w RC42GF2T0J
R2808 1 27 ohms 2w RCL2GF2T70J
R2809 1 27 ohms 2w RCL2GF270J
R2810 1 Variable 100k 1/2w 2JC2779HLS
R2811 1 Variable 30k 1w RC32GF303J =
R2812 1 510 ohms 1/2w RC20GF511J
R2813 1 510 ohms 1/2w RC20GFS11J
R2814 1 390k 1w RC32GF394J
R2815 1 1k 1w RC32GF102J
R2816 1 510 ohms 1/2w RC20GFS11J
R281T 1 510 ohms 1/2w RC20GF511J
R2818 1 510 ohme 1/2w RC20GF511J
R2819 1 510 ohms 1/2w RC20GFS511J
R2820 1 27 ohms 2w RCU2GF270J
R2821 1 27 ohms 2w RC42GF270J
R2822 1 27 ohms 2w RCL42GF270J
R2823 1 27 ohms 2w RCU2GF270J
R282L 1 75k * 1% 3/bw 1JAT896H45
R2825 . 1 Variable 10k 1 1/2w 2JC2380H19
R2826 1 33k = 1% 3/hw 1JATE96H138
R2827 1 510 ohms 1/2w RC20GF511J -
R2828 1 510 ohms 1/2w RC20CF511J
94
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REF Qry {  DRAWING OR MAJOR
DESIG RER _DESCRIPTION MFR. NO, COMPONENT
EQUIP
==
RESISTORS (Continued)
R2829 1 1k 1w RC32GF102J Power
, supply

R2830 1 6.5k 2w 1JC8132041

R2831 1 6.5k 2w 1JC8132HN1

R2832 1 510 ohms 1/2w RC20GF511J

R2833 1 510 ohms 1/2w RC20GF511J

R283k4 1 510 ohms 1/2y RC20GF511J

R2835 1 510 ohms 1/2w RC20GF511J

R2836 1 27 ohms 2w RCL2GF270J

R2837 1 27 ohms 2w RCU2GF2T0T

R2838 1 27 ohms 2w RCU2GF270J

R2839 1 27 ohms 2w RCU2GF2T0J

R28LO 1 510 ohms 1/2w RC20GF511J

R28L 1 1 510 ohms 1/2w RC20GF511J

R28L2 1 27 ohms 2w - RCh2GF2705

Ro8:3 | 1 27 ohms 2w RCAH2GF2T0T
S[R28LLY | 1 200k * 1% 3/bw 1JAT89TH3T

R84S 1 Variable 10k + 1% 0.8w 5TSR312H10

RoBLG 1 3k 1% 1/2w 1JAB8691H109

R284T 1 330k = 1% 1/2w 1JAB691HTS

Ro8LE 1 200k + 1% 3/lw 1JAT89TH3T

R2849 1 10k * 1% 1/hy 1JA7878H61

R2850 1 131k + 1% 1.2w 1JAB196H18

R2851 1 131 + 1% 1.2w 1JA8196H18

R2852 1 10k * 1% 1/lw 1JAT878H61

R2853 1 135k * 1% 3/bw 1JAT89THER

R285M4 1 135k + 1% 3/bw 1JAT89THE2

R2855 1 10k * 1% 1/bw 1JA7878HOL

CONFIDENTIAL 95‘



Soction IV Approved For ReléaSe 2d5Td8124 - ciA-RDP67B00657R000300030001-4
o
= =
RESISTORS_Sggntinued)
R2856 1 135k * 1% 3/bw 1JAT89THE2 Power
supply
R2857 1 135k * 1% 3/hw 1LJAT89THE2
R2858 1 10k + 1% 1/hw 1JAT878H61
R2859 1 50k + 1% 1/2w 1JAB8691H60
R2860 1 135k *+ 1% 3/bw 1JAT89THG2
R2861 1 135 = 1% 3/bv LIAT89THE2
R2862 1 100k + 1% 1/2w 1JA8691H13
R2863 1 Variable 10k * 1% . 57SR312H10
R286 1 3k + 1% 1/2w 1JAB691H109
R2865 1 100k + 1% 1/hw 1JAT8T8HOS
R2866 1 100k * 1% 1/bw 1JA7878HO05
R2867 1 10k £ 1% 1/4w 1JAT8T8H6L
R2868 1 6.5k + 1% 2w 1JC8132H41
R2869 1 6.5k + 1% 2w 1JC8132841
R28T70 1 6.5 t 1% 2v 1JC8132841
R2671 1 10k * 1% 1/bw 1JAT878H6L
R2872 1 4.7k + 1% 1/4v 1JAT878HT2
R2873 1 20k + 1% 3/4w LJATE9THO
R28TL 1 10k * 1% 1/M4w 1JAT878H6L
R2875 1 L7 + 1% 1/4w 1JAT7878HT2
R2876 1 20k * 1% 3/bw 1JAT89THOL
R2877 1 10k + 1% 1 /4w 1JAT878H61
R2878 1 50k + 1% 1/2w 1JAB691HE0
R2879 1 62k * 1% 3/%w 1JAT89TH2T
R2860 1 75k * 1% 3/bw 1JAT89TH36
R2881 1 100k + 1% 1/2w 1JA8691H13
R2882 1 Variable 10k * 1% 0.8w 575R312H10

926
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Section IV

REF QTy DRAWING OR MAJOR |:
DESIG PER _DESCRIPTION MFR. NO. COMPONENT
EQUIP
= )
RESISTORS (Continued)
R2883 1 3k + 1% 1/2w 1JAB691H109 Power
: supply
R288L 1 100k + 1% L/hw " LJAT8T78HOS
- |R2885 1 100k * 1% 1/bw 1JAT878HO5
R2886 1 10k * 1% 1/bw 1JA7T8T78H6L
R2887 1 6.5k + 1% 2w 1JC8132H41
R2888 1 6.5k t 1% 24 1J08132H41
R2889 1 6.5k *+ 1% 24 1J08132H41
R2890 | 1 | 10k # 1% 1/b 1JAT878H6L
R2891 1| btk £ 1% 1/bw 1JAT8T8HT2
R2892 1 20k + 1% 3/bw 1JAT89THO,
R2893 1 10k + 1% 1/bw 1JAT878H6L
R289L 1 h.Tk + 1% 1/Uw 1JAT8TEHT2
R2895 | 1 20k + 1% 3/4w 1JAT89THOL
R2896 1 | 10k + 1% 1/hw - LJATBTEH6L
R289T 1 50k + 1% 1/2w 1JA8691H60
R2898 1 62k + 1% 3/hw - 1JAT89TH2T
R2899 1 75k + 1% 3/Uw 1JAT89TH36
R2901 1 200k = 1% 3/bw 1JAT89TH3T
R2902 1 Variable 10k + 1% 0.8w 575R312H10
R2903 1 3k * 1% 1/2v 1JAB691H109
R290L 1 330k * 1% 1/2w 1JA8691HTS
R2905 1 200k *+ 1% 3/hw 1JAT89TH3T
R2906 1 10k = 1% 1/bw 1JAT878H6L
R2907 | 1 131k * 1% 1.2w 1JA8196H18
|R2908 1 131k * 1% 1.2w 1JA8196H18
1R2909 1 10k * 1% 1/bw 1JAT878H6L
R2910 1 135 * 1% 3/hv 1LJAT89THER
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REF Qry DRAWING OR MAJOR
DESIG E%%II‘P DESCRIPTION MPFR. NO. COMPONENT

RESISTORS (Continued)
R2911 1 135k % 1% 3/bw LJAT89THER2 Power
supply

R2912 1 10k * 1% 1/hw 1JAT8T78HEL

R2913 1 135k + 1% 3/hw 1JA789TH62

R29 14 1 135k + 1% 3/k4w 1JAT89THE2

R2915 1 10k * 1% 1/bw 1JAT8T8H61

R2916 1 50k + 1% 1/2w 1JAB691HE0

R2917 1 135k * 1% 3/bw 1JAT89THO2

R2918 1 135k + 1% 3/b4w 1JAT89THE2

R2919 1 131k *+ 1% 1.2w 1JAB8196H18

R2920 1 131k + 1% 1.2w 1JA8196H18

R3201 1 10 meg 1JCT7829H0L Modulator

R3202 1 Variable 2500 ohms 1/2w 2JC27T9H62

R3203 1 510 ohms 1w RC32GF511J

R3204 1 10k 2w RCY2GF103J

R3205 1 100k 1/2w RC20GF104J

R3206 1 100 ohms 1/2w RC20GF101J

R3207 1 5.1k 2w RCL2GF512J

R3208 1 1k 2w RCL2GF102T

R3209 1 140 ohms 5w RWS5GL41

R3210 1 10 ohms 1/2v RC20GF100J

R3211 1 100k 1/2w RC20GF10L4J

R3212 1 100k 1/2w RC20GF104J

R3213 1 100k 1/2w RC20GF104J

R3214 1 1 meg 1/2w RC20GF105J

R3215 1 2k 1/2u RC20GF202J

R3L401 1 10k * 1% 1/2v 1JA8691H68 Synch-

ronlzer
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REF QTY DRAWING OR MAJOR |-
DESIG PER _DESCRIPTION MFR. NO, COMPONENT
EQUIP
— =
RESISTORS (Continued)
R3L402 1 Variable 5k 1.5w 2JC2380H18 Synch-
ronizer
R3403 1 Variable 5k 1.5w 2JC2380H18
R340k 1 3.3k * 1% 1/2w 1748691198
R3405 1 Variable 10k 1.5w 2JC2380H19
R3406 1 Variable 5k 1.5w 2JC2380H18
R340OT7 1 Variable 10k 1.5w 2J02380H19
R3408 1 Variable 5k 1.5w 2JC2380H18
R3409 1 Variable 5k 1.5w 2JC2380H18
R3410 1 2.7k 1/2w RC20GF272T
R3411 1 62k 1/2w RC20GF623J
Cinema Eng. Co. _
R3801 1 187.4k £ .5% 1/2w No. 246E, 18Tk 1/2w Control
. panel
R3802 1 375k = .5% 3/hw No. 24TE, 375k 1/2w
R3803 1 28k % .5% 1/2w No. 246E, 28k 1/2w
R3804 1 187.4k + .5% 1/2w No. 246E, 187k 1/2w
R3805 1 375k * .5% 3/bw No. 247E, 375k 1/2w
R3806 1 500k * .5% 1w No. 254E, 500k 1w
R3807 1 Variable 100k 2w 1JA3337HL3
R3808 1 5.1k lw RC32GF512J
R3809 1 5.1k 1w RC32GF512T
R3810 1 5.1k 1w RC32GF5127
RLOOL 1 Variable 100k 1/2w 2JC27T9H2T Antenna
Jet box -
RL002 1 100k 1w RC32GFLO4T
RLOO3 1 20k 1w RC32GF203J
RLOOY 1 1 meg 1/2v RC20GF105J
4005 1 240K 1 /2y RC2OGF2LLT
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REF QTY DRAWING OR MAJOR
DESIC PER DESCRIPTION MFR. NO. COMPONENT
EQUIP
RESISTORS (Continued)

RLOO6 1 10k 1w RC32CF103J Antenne
Jet box

RLOOT 1 10k 1w RC32GF103J

R4LOO8 1 100k 1/2w RC20GF104J

R4O09 1 100k 1/2w RC20GF104J

RLO10O 1 1k 1w RC32GF102J

RLO11 1 5.6k lw RC32CGF562J

RLO12 1 100 ohms 1w RC32GF101J

RLEO13 1 43k 1w RC32GFL33J

R4O1L 1 Varieble, 2 gang Kendick Mfg. Co.

thru

4016 5k, 12.5k (Special order)

RLO17 1 1k 1w RC32GF102J

R4O18 1 75k 1w RC32GF753J

R4O19 1 10k 1w RC32GF103J

RLO20 1 1 meg 1/2w RC20GF105J

R4O21 1 120k 1/2w RC20CGF124J

RLO22 1 Variable lk 2w 575R186HOL Antenna

RLO23 1 1k 1w | RC32GF1027 Antenna
Jet box

RL4O24 1 75k 1w RC32GF753J

RLO25 1 75k 1w RC32GF753J

SWITCHES
51201 Interlock 1JA3842H01 Trans-rec
51202 1 Pressure interlock Model No. 65MX122
Robertshaw Fulton

s1223 DPDT 2JC291L4HO1

52201 AN3021-1 E-scope

100
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REF Qry DRAWING OR MAJOR
DESIG PER _DESCRIPTION MFR. NO. COMPONENT
EQUIP 4
i —=
SWITCHES (Continued)
53201 | 1 Interlock 1JA3842H0L Modulaton
s3h01 | 1 T03R165HOL Synch-
" ronlzer
53801 1 Osk Mfg Co
86336-F2C Control
¢ panel
53802 1 Oak Mfig Co
9213f§§uc
53803 1 1JB2373H13
53804 1 1JB2373H11
533805 1 1JB614LHO2
53806 1 ‘Oak Mfg Co
86338-F1C
skool 1 Pressure interlock Meletron Corp Antenna
' W17E-31-77
shoo2 1 SPST 1JA4280HOR
34003 Micro-switch
and. 1 DPDT sensitive switch DT-2RV3-AT
shook
shoos5 1 DPDT sensitive switch Unimax
2DHBTX-1
TRANSFORMERS
T60L 1 Valor Electronics Co Synch-
02L.Ak21 ronizer
T602 1 Valor Electronice Co
02LAk21
T603 1 United Transformer Co
H-49
TE0L 1 United Transformer Co
. H-50 '
T1201 1 Filament 595R252H01 Trans-red
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REF QTY DRAWING OR MAJOR
DESIG | RER, DESCRIPTION MER, HO, COMPONENT
e e e e
TRANSFORMERS (Continued)
71202 1 High voltage pulse 595R263H01 Trans-rec
T1221 1 Filament 2JB1542H01
T1401 1 595R410G01 Preamp
1402 1 5TSR265H29
1403 1 STSR265HO3
T1hok 1 57SR265H01
1405 1 5TSR265H31
71601 1 5T5R265H03 Postamp
T1602 1 575R265H01
T1603 1 575R265H03
T1604 1 575R265H01
T1801 1 (See Note 3 on TO3R122) 2JB2118G92 AFC-IF
T1802 1 2JC2TO6HOT |
T1803 1 2JC2T06HOU
T1804 1 2JC2T06HO5
T2001 2 2JB1546H01 X-scope
T2002 2 2JB1531H01
T2201 1 2JB15L6HOL E-scope
T2202 1 | 25B1531801
T2801 1 CETML Power
supply
72802 1 1JC6965H0L
72803 1 1JC6985H01
2804 1 1JC6965H0L
12805 1 1JC6985H01
2806 1 1JC6985H01
73201 1 L-CETH3 Modulator
T3202 1 595R251HO01
102
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Section IV
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REF ary DRAWING OR MAJOR
DESIG PER _DESCRIPTION MFR. NO, COMPONENT
EQUIP
TRANSFORMERS (Continued)
T3203 1 1JB6329H01 Modulaton
T3401 1 2JB1531HOL Synch-
. ronizer
k001 1 United Transformer Co Antenns
H54 Jet box
Th002 1 Thordarson
_ T21F08
T4003 1 United Transformer Co
H4YO
 ELECTRON TUBES
\ak 2 6111 X-scope
sweep amg
V2 2 6021
V3 2 5TO2WA
V4 2 5T02WA
V5 2 5TO2WA
'3 2 6111
\il( 2 568 TWA
V8 2 6111
V10 2 6112
V1l 2 6111
12 2 6111
V13 2 5902
V1L 2 6021
V15 2 6111
V16 2 5T02WA
V1T 2 5T02WA
V18 2 6111
V19 2 S68THA,
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~~,
REF QTY DRAWING OR MAJOR
DESIC EE%I:P DESCRIPTION MER, NO, COMPOMENT
I ——
ELECTRON TUBES (Continued)
V201 1 6111 E-scope
vert amp
V202 1 6021
V203 1 5TO3WA
V2oL 1 6021
V205 1 STOZWA
V206 1 5TOMWA
V207 1 5902
V208 1 5902
V209 1 578LWA
v210 1 6111 ~,
V211 1 6021
va212 1 6021
V213 1 6111
velk 1 ST84WA
V215 1 5T8LWA
V216 1 6111
ValT 1 6021
V218 1 5TO3WA
V501 1 6021 E-scope
hor amp
V502 1 5TB4WA
V503 1 6021
V504 1 6021
V505 1 6021
V506 1 6021
V507 1 5TO2WA
V508 1 5TO2WA -
104 CONFIDENTIAL
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REf | QTY - DRAWING OR MAJOR
pesic | PER _DESCRIPTION MFR, NO. COMPONENT
| EQUIP
== _ : T
ELECTRON TUBES {Continued)
V509 1 5002 E-scope
hor amp
V510 5902
V601 1 5TO2WA Synch-
ronizer
V602 1 5T02WA
V603 1 STSUWA
V60l 1 STOZWA
V605 1 6021
V606 1 6021,
V60T 1 6111
V608 1 6021
- [v609 1 6111
V610 1 6111
V61l 1 - 6021
V612 1 6021
V613 1 6021
V6L 1 6111
V615 1 6111
V616 1 5784WA
V61T 1 6111
V1201 1 Magnetron Microwa.ve. Assoc Trans-rec
. Model MA207
- V1202 1 Spark Cap Bendix Aviation
' TG36
V1221 ATR 2JC2341H01
1eez TR 6545 2JC2340H01
vie23 1 Klystron 2JC2339HOL
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mer (S| omcenon grihe b
e ————t— ey
ELECTRON TUBES {Continued)
V1ko1l 1 5718A Preamp -
v1ko2 1 5T18A
V1403 1 6205
vikoh 1 6205
V1601 1 6205 Postamp
V1602 1 6205
V1603 1 6205
V160h 1 6205
V1605 1 6111
V1801 1 58L0 AFC-IF
V1802 1 5840
V1803 1 58L0
V1804 1 6112
V1805 1 6111
V1806 1 6111
V1807 1 5784WA
V2001 2 Cathode ray tube RCA X-scope
C73703B
V2201 1 Cathode ray tube ‘ SUPT E-scope
V2801 1 6336A 575R103H01 Power
supply
V2802 1 6336A 575R103H01
V2803 1 5783WA
vo80L 1 H6080WA
V2805 1 6336A 5T5R103HO1
Vo806 | 1 6336A 575R103HOL
V2807 1 6080WA
v2808 1 6336A 575R103H01
106 CONFIDENTIAL
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Section IV
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~
REF QTy DRAWING OR MAJOR
DESIG RER _DESCRIPTION MFR. NO, COMPONENT
EQUIP
ELECTRON TUBES (Continued)
V2809 1 63364 5T5R103HOL Pover
. supply
V2810 1 6336A 5 75R103HO1
vedll 1 6112
V2812 1 5T02WA
V2813 1 5T02WA
72814 1 6112
V2815 1 6112
V2816 1 5T02WA
Vo817 1 5TO2WA
V2818 1 5TO2WA
- V2819 1 6112
V2820 1 5TO2WA
V2821 1 STO2WA
V2822 1 - 5TOSWA
vese3 | 1 6112
V282l 1 5TO2WA
V2825 1 5TO2WA
72826 1 6112
73201 1 5956 Modulator
V3202 1 568TWA
V3203 1 6112
V4001 1 6111 Antenna
. Jet box
V4002 1 6111
V4003 6111
-
CONFIDENTIAL 107



Section IV Approved For Rel€S<8 2RTBI A" ciA-RDP67B00657R000300030001-4
REF QTY DRAWING OR MAJOR
DESIG PER DESCRIPTION MPFR. NO, COMPONENT
EQUIP
——— ———— e |
MISCELLANEOUS ITEMS
Y601 1 Crystal 81.94 KC 2JC280THOL Synch-
ronizer
71221 1 Power Supply AMP Inc Trans-rec
851094
71401 1 Heater choke 595R40O5G01 Preanmp
71402 1 Heater choke 595RE05GO1
71403 1 Heater choke '595R405GOL
71404 1 Balanced mixer 2JC2916H0L
71601
thru 4 Choke, Heater 595R405G01 Postamp
71604
71801 1 Mixer 2JC2916HO1 AFC-TIF
71802
thru 6 Heater choke 2JA5452G01
71807
72001 2 Power supply, - 2kv AMP Inc X~8cope
851099
72002 2 Bleeder AMP TInc
4052
72003 2 Power supply +10 kv AMP Inc
851100
22201 1 Power supply, 2kv AMP Inc E-scope
851100
72202 1 Bleeder AMP Inc
850002
17,3201 1 Pulse forming network AMP Inc rModulator
pPsko80A
E4001 1 Magnetic pickup Electro-Products Lab Antenna
3030
ELO02 1 Hydraulic control valve Moog Valve Co Inc
21-132
BTLO0L 1 9-volt battery RCA
V3305
108
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SCHEMATIC DIAGRAMS
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